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On the Mortality observed amongst the various Classes of Bonus 
Policies in the British Empire Mutual Assurance Company, 
By GsoKos F. Habdt^ F.I.A. 

[Bead before the Lutitate, 28 March 1881.] 

XHE object of the present paper is simply to bring to the notice 
of tbe members of the Institute the results of an investigation into 
the mortality prevailing amongst the different classes of bonus 
policyholders in the above-named Company^ and to point out what 
appears to be the practical bearing of these I'esults. There are 
also one or two points in connection with the collecting of the 
experience which may be worth mentioning. 

In the company in question (in common, I believe^ with many 
societies) an option is given to the policyholders^ on the occasion 
of the first division of profits in which they are to participate^ of 
receiving the value of their bonus in one of three ways : — 

I. Cash. 

II. Reversionary Additions. 
III. Reduction of future Premiums (either for life or for 
three yeai's). 

The selection has usually been understood to be made once for all^ 
but, as a matter of fact, the option has been occasionally allowed 
at subse^ittent distributions. 
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2 Mortality observed amongst the various Classes of [July 

There appeared to be some reason for anticipating a diflPerence 
in the relative mortality of these three classes of policyholders in 
consequence of the exercise of this option. This seemed at least a 
point worth testing by an appeal to actual experience ; and it was 
mainly with the view of instituting such a test that the investiga- 
tion referred to was commenced. 

It should be stated that the reductions of premium were 
mostly for three years only, those for life being but few ; that the 
bonus divisions were triennial; that the experience in every 
instance commenced from the date of the first option exercised by 
the policyholder; and that this occurred, on the average, about 
three years from entry. Surcharged or invalid lives (which were 
not numerous) were included at their " rated-up*^ ages ; and, 
finally, a policy was always considered to remain in the class 
originally selected, subsequent transfers to another class (as, for 
instance, from Revei*sionary to Cash) being treated as new risks, 
and a separate account kept of all such transfers. By this means 
an exact measure was obtained of the value of the lives at the dat« 
of the first option in each class, while it was also possible, by 
eliminating the transferred policies (i.e., by treating the transfers 
from one class to another as '^discontinuances'' in the former 
class), to obtain the mortality at each age among all the policies 
for the time being in either class ; as also to discover whether the 
value of the option differed at subsequent periods in the history of 
the policy, and to trace the effect of its exercise, in the continued 
transfers from one class to another, in the mortality of each. 

The experience was taken in respect of policies, and not lives ; 
and as this mode of proceeding has occasionally been objected to, 
though I am not aware that its actual effect has been investigated, 
I may perhaps be pardoned a slight digression in justification of its 
adoption in an enquiry such as the present, where only the general 
effect of the mortality upon the annuity-values is in question, and 
where the rate of mortality at individual ages is not wanted. Two 
alternate suppositions are possible — 1st. That the policyholders 
assured under more than one policy will be subject to the same mor- 
tality as the remaining policyholders. 2nd. That they form a special 
class, having a different mortality from the average. Taking the 
latter alternative first, it appears to me to be a reason for retaining, 
and not eliminating, second and subsequent assurances, when 
investigating the experience of a society ; for an insurance office, 
or any similar institution, is concerned simply with financial 
results. Its experience actually works out, in practice, with 
policies, and not with lives; and where a policyholder is assured 
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mder two policies^ tlieTe will be two distinct risks and two claims 
to pay when he dies. On the first supposition^ that no essential 
difierence need \>e anticipated between the mortality amongst the 
duplicate poli<n.es and the remaining experience, the only effect 
their retention can liave will be somewhat to increase the irregu- 
larity of our final tables, by magnifying the accidental deviations 
from the general average. This in itself is certainly not desirable : 
it will, however^ occur to so slight an extent as to be scarcely 
worth mentioning. The effect in any given case is easily esti- 
mated. Thus, to take an extreme case, — Suppose 10,000 policy- 
holders of the same class, as respects their average mortality, of 
whom, however, 5,000 hold each a second policy. The effect of 
inclnding these 5,000 policies in an investigation will be to leave 
the hroad results of the experience unaltered, but to increase the 
magnitude of the accidental irregularities in the ratio of (about) 
19:18, or rather over 5 per cent. Again, if 1,000 out of the 
10,000 mentioned above held six policies each, the '^ roughness ^^ 
of the results would be increased in the ratio of about 7:5. In 
neither, therefore, of these extreme cases would the effect of in- 
cluding the duplicate assurances be at all serious; though, of 
course, at particular ages at the extreme end of the table it would 
produce more decided irregularities. 

By the adoption of a simple plan in estimating the ages, all 
fractions in the ages and numbers at risk were rendered unnecessary, 
the cards giving the nearest ages at entry, discontinuance and for 
the existing, and the age last birthday for the dead. 

To resume : it will be as well to deal first with the general 
experience, taking all three classes together. The main results are 
set out in the following table, comparing the actual and ^^ expected '^ 
deaths (H^ mortality) at various groups of ages. 

TabIiK I. — British Empire Company ^ all Classes of Bonus Policies, 

— Mortality Experience to Sept. 1879. 



1 

1 A«rs. 


At Risk. 


"Expected" 

Deaths, 

H". 


Actual 
DeathM. 


" Expected" i 
=100, 
Actual= 

I 


Under 30 
30-39 
40-49 
50-59 
60-69 
70-79 
80 and over 


6,202 
48,755 
58,829 
42,462 
17,799 

8,843 
85-1 


43 
806 
658 
858 
714 
818 

61 


80 
248 
573 
786 
640 
276 

65 


79 
81 
87 
92 
90 
87 
107 


All Ages . 


168,2U 


2,958 


2,618 


88 
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6 Mortality observed amongst the various Classes of [Jitly 

The general mortality, especially if it is remembered that the 
first three years of assurance are excluded, will be seen to be 
extremely light, and would appear to show that a greater variety 
is to be looked for in this respect in the experience of different 
companies than has sometimes been thought possible. It also 
shows the difficulty of setting up any arbitrary standard of solvency 
with respect to life offices, regardless of the special experience of 
the society under examination. In illustration of this point, I 
have tested the difference between the reserves required by a 
valuation at 8 per-cent by the H^ Table, and a valuation by the 
society's own experience as summarized above — taking the date 
of the last investigation, and including only the participating 
policies. The premiums valued are the same in both cases (as, 
of course, they would be in any valuation made as a test of 
solvency), namely, the office premiums less 20 per-cent. 

The first three years of the society's experience being excluded, 
its use in a valuation would correspond more nearly to the 
severer test of an H^^^^ valuation; yet the reserve brought out 
at 8 per-cent is more than 10 per-cent less than by the H^ 
Table. This result seems to me important, as if we admit that 
in some societies the I'eserves actually required to meet their 
liabilities may be as much as 10 per-cent below the sum, as 
estimated by an average table, we must also admit that in other 
societies the true reserve may again be just as much in excess, 
and we thus have a possible range of 20 per-cent between two 
societies to all outward appearances similar. 

With respect to the reasons for the extremely light mortality 
observed, I am unable to offer any suggestions. The policies are 
for small average amounts, about £300, and the members prin- 
cipally tradesmen. The medical examinations I believe to have 
been very strictly conducted throughout the history of the 
company. 

The most interesting features of the experience are brought 
out, however, when the various classes of bonus policies are sepa- 
rated. The general results of this analysis are given in Table II 
(pp. 4 and 5), where the heading " Original " refers to policies 
in which the selection of the particular class of bonus was made 
at the first option afforded the policyholder ; the '^ Transferred " 
being those transferred at some subsequent date from one of the 
other classes. The column headed ^^ B.E.M.'' gives the expected 
deaths according to the average mortality of the whole of the 
policies taken together. 
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Speaking generally, the conclusion to be drawn from the 
above figures is that the option given to the assured to select the 
manner in which his bonuses shall be received does exercise an 
influence upon the future rates of mortality prevailing in the various 
classes of bonus policies which are thus created; and that the 
value of this option, as measured by its effect upon the mortality, 
is greater the later it is made. Thus, taking the '' Original '* 
policies^ both the Cash and Reduction of Premium classes are 
much better lives than the Reversionary, while the difference in 
the mortality of the various classes is much more marked in the 
" Transferred '' than in the "Original^' policies. It is further 
worth noting that, as regards the latter, they would appear to 
differ but little at the older ages, as the following comparison 
will show : — 

Table III. 
Deaths after 60 Tears of Age. 



Class. 


Aetual. 


Expected 
(B.E.M.}. 


Cash 

BevenioiiaTy . . 

Reduction 


481 
342 
158 


481 
340 
160 



I ani quite unable to account for the Original Reduction of 
Premium policies having a higher rate of mortality than the 
"Cash*', the "Transferred" being by far the best of any of the 
six classes in Table II. The figures in Table II do not, of course, 
enable us to form any exact conclusion as to their effect upon the 
annuity values at the various ages ; and as this is the most impor- 
tant feature of the enquiry, I have calculated the annuity values 
for each age at entry (t.«., at the date the selection is made,) for 
each of the six classes given in Table II. This has been done 
with quite sufficient accuracy for the purpose by 3 fig. logs 
throughout. The mortality for the first five years was taken from 
that portion of the experience only, and that after five years from 
entry, firom the remainder of the experience; thus any effect of 
selection was duly brought out, and was found to be considerable in 
the Cash and Reduction of Premium policies. As only the general 
results would have any interest, the following table will contain all 
that it is necessary to give. No attempt was made to graduate 
the original facts : as the results, however, would be very irregular 
at the isolated ages, I have thought it best to give the average 
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of the annuity-values at different groups of ages. The annuities 
headed ''B.E.M/' refer to the whole of the experience — the first 
three years having been included. 

Tabus IV. 



Ages. 


MKAH ABVOITT-VALim. 


RKM. 


OuhBoniiB. 


Bevenionary 
Bonna. 


Seduction of 


"Select- 
(at Date 
ofEntryX 


At Date of 
IstBonuB. 


Original 


Trans' 
ferred. 


OriglnaL 


Trana- 
ferred. 


Original. 


TraDB- 
fen«d. 


20-29 
30-39 
40-49 
50-69 
60-69 


21-44 
19-44 
16-32 
13-10 
9-96 


21-27 
19-29 
16-15 
12-86 
9-66 


21-89 
19-53 
16-32 
12-88 
9-67 


19-80 

16-43 

13-07 

9-84 


20-58 
18-80 
15-77 
12-61 
8-02 


■ • • 

18-48 

1600 

11-61 

8-86 


22-00 
19-55 
16-27 
13-37 
10-41 


2Ch64 
17-00 
13-67 
10-40 



These differences in the annuity-values may be represented 
with quite sufficient nearness in practice^ either by assuming a 
constant difference at all ages, or making a constant addition to 
or deduction from the age. I do not know that any special advan- 
tage attaches to either plan in preference to the other. If we 
adopt the latter plan, we may take as our guide the following 
table : — 

Table V. 



Agea. 


Addition to Aob REPRBBBimeD by the mxan Ankuitt.Valovb, 

A8 OOMPARSD WITH B.E.M. "SBLBCT** AHVUITUBB. 


Cash Bonus. 


Beversionary Bonns. 


Bednction of Preminm. 


Original. 


Transferred. 


Original 


Transferred. 


Original 


Transferred. 


20-29 
30-39 
40-49 
50-59 
60-69 


-2 

- i 

• t • 

+ i 

+ 1 


• • • 

+4 
-4 

• • • 

+4 


+ 4* 
+ 2 
+ 2 

+ U 
+ 6 


« ■ • 

+ 3 
+ 1 
•^4i 
+5 


-3 
- i 

• • • 

-1 

-14 


••■ 
-2 
-2 
-2 



It will be seen from this table that, except at the young ages, 
the Cash Bonus lives are of about the same quality as those 
recently selected; but there would appear to be a tendency to 
deteriorate. Generally speaking, the results are too rough to be 
relied on at any particular age, and I do not consider much 
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impoartance can be attached to the group of ages 60-69. We may^ 
howeTcr^ deduce from the tables the followiiig rough rules for 
ordinary use (the meaning of the abbreviations will be obvious) : — 

1. In turning B.B. or Red'^* P. into C.B.^ deduct one 

year from the age. 

2. In turning R.B. or C.B. into Bed*^ P.^ deduct two 

years from the age. 

3. In converting C.B. or Bed^* P. into B.B.^ add three 

years to the age. 

It IB dear that the following options (Cash to R.B.^ and Red"- P. 
to C.B. or R.B.) can only be allowed at any time subsequent to 
the first distribution^ when it is known the life is in fair average 
health. 

It follows^ from the foregoing facts^ that an additional reserve 
should be made for reversionary bonus additions in companies 
where a portion of the bonus is paid in other ways; and frurther, 
that a similar addition should be made to the reserve for reductions 
of future premiums. An examination of the annuity-values in 
these classes after five years^ shows that the case may be met by 
rules 2 and 3. 

l%e subject of this paper evidently has some bearing on the 
question of surrender values^ as the conversion of a Reversionary 
Bonus into Cash is the nearest approach we can h^ve to the 
surrender of a policy. If we make the supposition that the value 
of the selection is the same in both instances^ we may apply the 
above rules to the calculation of surrender values. If we deducted 
one year from the age on account of the selection, and a year from 
the duration to meet " initial '^ expenses, the effect would be prac- 
tically the same as taking the duration of the policy as two years less 
than the true time. This would give a very convenient practical for- 
mula for surrender values, which would have the advantage of giving 
the small values known to be necessary for policies but recently 
effected, while the values for policies of long duration would be 
much fairer to the assured than those estimated by taking a fixed 
percentage of the tabular value at all ages. 

It may be objected, that the facts presented in this paper, 
being drawn from the experience of a single company, cannot be 
generally applied. It will be seen, however, that I have not 
assumed that the mortality amongst Reversionary Bonus policies 
in every company will be the same as that observed among the 
policies dealt with in the present experience ; but merely that in 
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any company giving similar options as to Bonus to its assured^ the 
relative mortality of the different classes of bonus-policies will be 
similar to that brought out by the above investigation; this^ I 
think^ is not an improbable assumption. It may be useful just to 
summarize the main results arrived at. They are — 

1st. The option exercised by a policyholder as to the manner 
in which his Bonus shall be received^ exercises an 
influence over the fixture mortality experienced 
among each class of Bonuses. 

2nd. That it is necessary to take this fact into account in 
calculating the amounts of such bonuses in the 
first instance^ and in the valuation of the Rever- 
sionary Bonuses and Reductions of Premium sub- 
sequently. 

In conclusion^ I wish to express my obligation to the officials 
of the Company^ with which I am no longer connected^ for their 
courteous permission to extract the necessary materials from the 
books of the Company^ and to publish the foregoing facts. 



Discussion. 

The Pbesidbnt (Mr. A. H. Bailey) — Most of you know the 
amount of labour required to get out the results which are shown here, 
and I am sure you will all appreciate Mr. Hardy's industry. I have 
always thought that the experience of an individual society, especially 
where it relates to anything like a well-defined class, is of considerable 
interest. I am doubtful whether the combined information derived 
from yarious companies obtaining their business from different 
sources, and whose connections are among different classes of society, 
is altogether suitable for the determination of the actual effect of 
selection in an indiyidual society. Mr. Hardy says " the experience 
was taken in respect of policies and not liyes,*' and remarks upon 
the objections that have been taken to that course. I am not quite 
sure that I understand him, but if I read his paper rightly, I think 
he has missed the force of the objection. I do not know that it 
ever was supposed that liyes assured by more than one policy are 
subject to a different mortality. The real objection was that the ratios 
are disturbed. As, for instance, take such an age as forty, where 
the rate of mortaUty is about 1 per-cent, if you haye 500 lives passing 
through the age of forty to forty-one, the deaths among those 500 
lives will be 5 or thereabouts. If you take a possible, but an extreme 
case, one of those deaths may occur on a life insured under four 
policies ; and if that were the only disturbing cause, the effect would 
be that there would be 8 claims for 508 policies, and that the ratio 
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of 5 to 500, or 1 per-cent, would be altered to 8 to 503, or something 
more than 1^ per-cent. I know that there has been a remark made, 
and a just one, that what assurance companies are concerned with is 
the ratio of claims to policies, and that, therefore, for their purposes 
it might be that experience derived from policies was more valuable. 
But as r^ards the purely scientific aspect of a table of mortality, 
that would not hold. I think, therefore, that it is very satisfactory 
to know, as we now know, that the results of what are called the 
Seventeen Offices' Experience, and the results of the experience 
collected by the Institute, are for all practical purposes identical, 
although one is the experience of policies and the other the experience 
of lives. As to the difficulty of setting up any arbitrary standard 
of solvency, I do not think that anyone has proposed to set up such 
a standard. That notion, perhaps, may have arisen from the rules 
laid down in one of the Life Assurance Companies Acts as to how, 
in case of liquidation, policies are to be valued ; but that is a different 
thing entirely from a test of solvency. I know that in one or two 
cases an attempt has been made to apply that rule in a Court of 
Chancery proceedings, but I do not think that it will be attempted 
again. The light mortality in the particular society under inves- 
tigation is, undoubtedly, interesting. It is stated that '^ The policies 
are for small average amounts — about £300 — and the members 
principally tradesmen.*' It is surprising that they should show 
such a light mortality, and the cause is worth further enquiry. I 
think that Mr. Hardy's Table No. 5 requires some qualifications. 
The variations at the younger ages are certainly startling ; but then 
the number of deaths are very few, so that I think not much 
dependence is to be placed upon the results. Never having made 
such elaborate investigations as Mr. Hardy, but merely noting 
matters in my daily experience, my conviction is that these options 
of cash bonus and reversionary bonus depend to a very great extent 
on the pecuniary circumstances of the claimant. A man asks for a 
cash bonus because he wants money, not because he is in good 
health. Amongst the many anomalies which competition has drawn 
us into, this question of cash bonus is one. What an absurdity it 
is for a man paying a premium to provide a sum at his death, 
periodically — once in three, or five, or seven years — to take back 
some of his money, which has, in the majority of cases, passed 
through the hands of certain agents who have been paid something 
more or less thereupon. Why does not he pay less in the first 
instance? Cash bonus and life assurance appear to me to be a 
contradiction in terms. 

Mr. G. HuMPHBEYS — With regard to the words " at risk " in 
Mr. Hardy's Table 1. That means the years of life, does it not P 
Mr. G. P. Haedt — Yes. 

Mr. HuMPHSETS — But you have not given the number of lives 
out of which the deaths occur. I think it may be an advantage to 
do that. 

Mr. JusTiCAN — I should like to ask Mr. Hardy one question as 
to the principle which he has adopted in obtaining his ratios in the 
case of the duplicate policies. I presume he has taken the ratio of 
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the square roots of the numbers at risk, to the total numbers ; but 
I have not been able to bring out exactly the figures given. 

Mr. B. P. Habdt — K a gentleman comes forward and Yoluntarily 
undertakes the mass of work which Mr. Hardj must evidentlj have 
done, this Institute is bound to return its best thanks, whatever the 
actual merits of the paper ; but I think we can saj something more 
than that, because, if Mr. HJardj has not actually answered some 
of these questions which we are putting to ourselves eveiy day, he 
has supplied us with some figures for their more formal consideration. 
The conclusions which, I tkke it, he wishes us to accept are that 
we should, according to the old-fashioned principle, rate up the ages 
when distributing a bonus, or deal especially with the ages, having 
regard to the way in which the bonus had been originally selected. 
It has sometimes seemed to me that those principles, if admitted, 
would require us not only to apportion the individual profit, having 
regard to a special rate of mortahty made upon that particular class, 
but also that we should in the valuation make a reserve, determined 
in like way. If that were to be the case, it seems to me that it 
would present interminable practical difficulties. Every policy would 
require its own mortality table. I think that there would be a 
great deal of official trouble in that, and I should gladly find some 

Eracticable rule, such as lowering the rate of interest or taking a 
brger portion off the loading. I am by no means clear that there 
is much of real option in selecting the bonus alternative. I know 
one society where I am quite sure at least one-half of the policyholders 
are prevented from exercising any voice in the matter. The bonus 
there does and must go by reversion. I am therefore by no means 
sure that there is what Mr. Hardy calls an option in the matter, 
neither can I see that there should be any difference in the mortality 
where cash or reduction of premium had been chosen. A portion of 
these results may be effected according to the practice of the office, 
for instance, by allowing the agent when reduction of premium is 
taken a commission on the fiill premiums. Unless that is done, he 
invariably encourages the taking of cash or reversion. I am somewhat 
surprised at the sll-round rate of mortality that Mr. Hardy shows, 
and I should like to ask him whether these expected deaths have 
been taken according to the true method, or whether he has simply 
multiplied the actual exposures by the rate of mortality ? [Mr. G. F. 
Hakdt — ^Tes.] Well, I would say with all submission I believe 
that is an incorrect method. The true way of getting out the 
expected deaths is to bring forward such exposures as would survive 
according to the table by which you are testing. Unless you do 
that, the results show a cUfferent mortality to the real estimate, and 
they would be consequently defective. The true process is very 
laborious and troublesome. I can find no short method myself, but 
I think that if Mr. Hardy has the time to give to it, he will find that 
his expected deaths, if estimated truly, will come a little more closely 
to his actual. With regard to the vexed question as to the standard 
of reserve in the case and other special circumstances, it has always 
seemed to me important that effect should be given to what are 
probablv the actual facts. The cases where it is necessary to take 
a modined view are, generally speaking, those of offices in such a 
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condition that no average table will apply. It generally happens 
that when they wish to fall back upon such an argument their 
position is something worse than the H^^'^ I therefore think that 
this range of 10 per-cent which Mr. Hardy indicates could not 
actually apphr to the cases where it would be necessary to try it. 

Mr. G. KnTG — Mr. Hardy has investigated the mortality amongst 
the difEerent classes of policyholders of a particular company, and 
brought out some results which are certainlv remarkable; but I 
think such an investigation can be carried a httle further. In this 
company which Mr. Hardy has investigated, the option is only once 
exercised with regard to the bonus. A very interesting investigation 
eould take place where the option is allowed at every allotment. 
[The PsssiDBirT — The common way, I think.] Tes. I think that 
S the mortality experience of the bonuses alone were taken out and 
compared with the mortality experience of the policies alone, it 
would be worth doing. We must not go to such an investigation 
with a foregone conclusion; and even if negative restdts were 
arrived at, those negative results would be of some value. There 
is one curious point which I should like to see brought out, and 
that is whether there is any difiPeience between the mortality of 
bonuses, if I may use the expression, and the mortality of policies P 
It may seem rather startling to make that suggestion, because the 
bonuses are on the same lives as policies, and one might say that 
they ought to foUow the same mortality, but it does not necessarily 
follow that they do. If the unhealthy lives select a reversionary 
bonus, and the healthy lives take a cash bonus, then the rate of 
mortality among the reverrionary bonuses will be higher than 
among the policies, because there will not be the same number of 

food lives among the bonuses to keep down the rate of mortality. 
n the case of the British Empire, that investigation cannot take 
place because the bonus and the policy are practically the same thing. 
The practical suggestions of Mr. Hardy are of some interest. He 
says that we must take account of the facts which he brings out in 
calculating the amount of such bonuses in the first instance, and in 
the valuation subsequently of the reversionary bonuses and reductions 
of premiums. I think it is a common, if not a universal practice, 
to take account of the facts in calculating the bonus. It is usual 
to assume that there is some option exercised, and to rate up the 
lives somewhat, either by taking a higher age or a lower rate of 
interest in allotting the bonus. But so far as my investigations of 
the blue-books show, it is not usual to take any account of the 
same facts in a valuation, and it seems to me that that is a mistake. 
If we rate up the lives in allotting the bonus, I do not see any 
reason why we should not rate up the lives when we value the 
bonus. In fiict, when we value the bonus by the ordinary reversion, 
we throw into the general fund all the extra reserve which we made 
in aUottinff the bonus. I do not think that is right. Still more, 
I think that it is objectionable to do as some do — ^to value the 
bonuses at a higher rate of interest than the policies. 

Mr. B. P. Hasdy — I would ask Mr. King whether, in the case 
of a policy carrying a reversionary bonus, he would value the premium 
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as well as the bonus, as if the life were subject to a higher mortality 
than the tabular rate ? 

Mr. King — No. 

Mr. H. P. Habdt — Why would not the argument apply to the 
value of premiums as well as the bonus P If one ceases the other 
is payable. 

Mr. 'Kcsa — I explain it in this way — that selection has taken 
place as to the bonuses, and they depend on unhealthy lives, and 
consequently the average rate of mortality among the bonuses would 
be different from the average rate of mortality among the policies, 
among which there are healthy lives to keep down the rate. Although, 
in individual cases, the falling in of the bonus and of the policy 
would depend upon the same event, yet the denominator of the rate 
of mortality would be different. 

Mr. K. P. Habdy — As a good deal seems to turn upon this 
question practically, I should like Mr. King to explain himself 
further. I think the same circumstance that causes the bonus to 
be payable makes the premium stop. If you are going to assume 
that certain conditions measure the value of the bonus, why should 
not the same circumstances be applied in measuring the premium P 
Why will you use two annuities, one for one side of the question 
and another for the other ? 

Mr. King — I think I may take an example to explain that point. 
Suppose we have an office whose policies follow the rate of mortality 
of the H^*'* Table — ^that table which Mr. Sprague, in his late paper, 
divided into two portions, the lives still select and the lives which 
have become deteriorated — the whole average of the policies is 
represented by the H^^'^ Table, and therefore the sums assured and 
the premiums under all the policies must be valued by that table. 
But in the bonuses, let us suppose that an option has been exercised, 
and that they are all on deteriorated lives, none being on the lives 
still select. Therefore the bonus will follow an entirely different 
law from the policies, and we must value them by Mr. Sprague's 
unhealthy table. In the one case the average mortality is represented 
by the H^^*^ in the other case by the unhealthy table. 

Mr. E. P. Haedt — You mean to say, then, that the bonus which 
is payable with the sum assured falls in at a quicker rate than the 
sum assured ? 

Mr. King — ^Yes ; it may do so. 

Mr. C. D. HiGhHAM — One or two gentlemen have congratulated 
Mr. Hardy on his paper, but I think we may also congratulate the 
office on the skill with which its medical examination is conducted, 
and the success with which the officials and agents keep the business 
together; for there must be some strong force at work when the 
rate of mortality is so small in a company insuring sums of £300 
on the lives of small tradesmen. If I may make a suggestion to 
Mr. Hardy, I think his Table No. 2 would be greatly improved if 
he were to insert the percentages which the actual bear to the 
expected deaths. Whether he take the H^ or the British Empire 
mortaUty, I think matters little ; but if there were a percentage of 
some sort, it would be so much more easy for the eye to read the 
table. The only point to which I am inclined to take exception, 
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is the clause near the end of the paper, in which he sajs that though 
the figures are possibly iwrong, through the smallness of the numbers 
made use of, yet as he is dealing with relations rather than with 
results, it is not of much importance. It seems to me, sir, that if 
the figures are wrong, it is as likely as not that the error will be on 
the one side as on the other ; and if you have an extreme variation 
on different sides, you will get a double error which may be much 
more serious. One ought to think very carefully before dealing with 
figures founded on such a limited experience as this seems to be. 

Mr. T. G. AcTELAiTD — The results which the author has brought 
out are certainly remarkable; and although we should be disposed 
to imagine that there was no option of any consequence with 
reference to these bonuses, yet when we find that the cases of 
" transferred " reversionary bonuses are 116^ per-cent of the general 
mortality of the office, while the '' transferred " reduction of premium 
cases are 87 per-cent of the average mortality, it would certainly 
appear as if there was a distinct selection against the office in the 
one case, and in favour of the office in the other. I notice that in 
the paper before us the word ** selection" is used in three distinctly 
different senses — sometimes referring to the choice of a bonus option, 
sometimes to the medical selection of the life by the office, and some- 
times to the selection which the assured makes against the office 
when he exercises the option. Perhaps by the choice of a different 
word the matter might be made a Httle clearer. As it stands, it is 
the cause of some confusion to one's mind. The matter referred to 
towards the close of the paper — ^that of surrender values — bears a 
special interest, I think, with regard to the reduced or paid-up 
pi^icies which are issued by many offices. The assured who are 
offered a reduced or paid-up policy at death, as a matter of choice, 
compared with a cash surrender value, will probably exercise a very 
considerable option against the company, somewhat similar to the 
option exercised in this paper by the reversionary bonus cases. In 
some cases it is the practice to give a very large paid-up policy, 
amounting to the whole of the premiums paid, and in that case, the 
assured will probably have an even greater inducement to select the 
reduced policy, especially if in bad health, and it would be very 
interesting to get out the mortality of that class if it were possible. 

Mr. Seable — We, of course, all agpree with the full explanation 
given by yourself of the error which is caused by taking into account 
the number of policies instead of the number of lives, but after that 
I was somewhat surprised to hear Mr. King, as I think, fall into that 
identical error — ^not exactly on the face of it, but it is the same error. 
Taking the policies instead of the lives is precisely the same thing as 
is done when we take the mortality by the sums assured. We usually 
take our expected claims as well as our expected deaths, and the 
taking of the expected claims is precisely the same thing in principle 
as taking the mortality by policies ; that is to say, you have different 
amounts of risk for a single life — a larger amount on some and a less 
amount on others. Where I think Mr. King fell into that same 
mistake, was in recommending that the return should be taken out 
of expected bonus claims. That would be taking out a larger risk on 
one life than it would upon another ; and in order to take it to any 
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practical pnipose, jou woald have to reduce ibe amount of bonos on 
each life to the same amoant, and that would come piecisel j to the 
same thing that Mr. Hardy has done in taking out the mortality of 
the lives on which the bonuses ran. The next observation that 
occurs to me, sir, is in reference to the Tables 3 and 5. As you hare 
pointed out, the +4^ in the first line of Table 5 is not much to be 
depended on owing to the scarcity of the number of lives. The 
other large figures happen to occur in the bottom line — the +6 and 
the +5 ; and I have been unable to reconcile them with the fig^nrea 
which occur in Table 3, where the actual deaths after sixty years of 
age are shown to agree exactly almost with the expected. If they 
agree exactly as in Table 3, why should there be that difference in the 
value of the annuity, when you come to the last line of Table 5 ? 
Perhaps Mr. Hardy will g^iye an explanation of it. There is a third 
point on which I think I can throw a little light — as to the snuill 
mortality among these small tradesmen who insure for £300 a-pieoe. 
The fact is that there is a large number of teetotalers among them. 
Mr. Ralph Hardy, I think, has shown, elsewhere, that the mortality 
of teetotalers is less than the mortality of the |^eral population, 
and there is no doubt that the lives in this particular office (I say 
it from some experience of them — ^not on behalf of the office, but 
outside) are selected from those whose habits of life are exoeedinffly 
good, and I believe that a large portion of this light mortality really 
turns on the excellence of the habits of life of the persons assured 
in this company. [The President — Do I understand you to say 
that small tradesmen are teetotalers ?] These are not small trades- 
men selected at random, but small tradesmen selected through certain 
particular agencies which lead the company to insure large numbers 
of that class rather than others. 

Mr. Capebit, representing the British Empire, wished to say 
that he did not think the number of teetotalers appreciably affecfced 
the returns of mortality. The company was undoubtedly very 
particular on the question of temperance. In fact, the occurrence 
of the word '* teetotaler" in a proposal caused an amount of suspicion 
that was not complimentary to the teetotalers. It was the object 
of the company in such cases, as far as possible, to find out how long 
the proposer had been a teetotaler, and what were his habits 
previously to his becoming such, and it not unfrequently turned out 
that he had been in the habit of indulging a little too often prior to 
the period of total abstinence. 

Mr. Whittall — ^In Table 4 Mr. Hardy names his annuity values 
— those which represent the experience of the whole of the society — 
'^ selection (at date of entry) ", and I think in speaking of the table 
verballv he also spoke of these annuities as being select annuities. 
Now if this annuity value 9*96, which is opposite the ages 60--69, 
represents the value of annuities on lives which enter at those ages, 
will it not account for the very large difference which appears in 
Table 6 opposite to those ages under the head of reversionary bonus P 
If the annuities on these reversionary-bonus lives are compared with 
the annuity values of those who have entered only at the later ages, 
it is very probable that they would show a very much worse 
mortality. 
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Mr. G. F. Hasdt, in replying, said that bis facts had not been 
selected to snit anj particular theoiy, and that no attempt even had 
been made to graduate the original results. He continued — ^I think 
* that, possibly, in the latter respect the results have been somewhat 

' spoiled by tne resulting irregularities, and the President has noticed 

^lat in the early ages in Table 5 the figures are rather large. If, 
however, the rales are referred to that I deduce from those figures — 
Bules Nos. 1, 2, and 3 — ^it will be seen that I have practically 
ignored the first and last groups of ages, simply from the fact that 
the number of risks is extremely small, and that no great importance 
can be attached to the results at those ages. Witn respect to the 
question of duplicate policies, I agree that the results may be thrown 
out very considerably at individual ages ; and 1 do not think that 
for a mortality table, like the Institute Table, where we wish for an 
accurate estimate of the mortality at each particular age, such a 
mode of procedure would be justifiable ; but I simply wish to justify 
it in the case of an investigation like the present, where the object 
is not to obtain the mortality at any particular age, but simply 
annuity values in which, of course, any slight irregularities at one 
age or another might be supposed to fairly balance each other on the 
fiinal result. As to the way in which the effect of including the 
duplicate cases was calculated, Mr. Justican was quite right in 
supposing that they were done on the principle that the probable 
accidental error in the number of deaths would be roughly propor- 
tionate to the square root of the number of deaths. But 1 think 
that tbe difference between his result and mine may arise from the 
&ct that he has taken the probable deviation or error in sums of two 
sets of problems as the sum of the separate deviations, instead of 
taking the square roots of the simis of the respective squares. If 
this is done the result comes out as in the paper. Mr. Bailey 
considers that the options are dependent especially upon the pecuniary 
circumstances of the assurer. I think there is no doubt that this 
must be so in a great majority of cases. I noticed, in fact, in getting 
out the present experience, that by far the larger number of rever- 
sionary bonuses were on young lives, and that, apparently, they had 
been attracted by the great difference between the stated amounts 
of cash bonus and reversionary, to accept the latter. But it is not 
so much that an option is exercised in eveiy case, as that in certain 
special cases the option is exercised, and it is these cases that really 
throw out the mortaliiy. With respect to the valuation of 
reversionary-bonus policies, the way I look at it is somewhat in 
this light. There is no doubt that, if we wished to value the 
reversionary-bonus policies alone, we ought to adopt the same 
standard of mortality as for reversionary bonuses. But it is assumed 
in the valuation of a company that, though these policies may be 
worse than the average, yet, as a result of this fact, there must be 
other policies better than the average which makes up for them, 
these being the cash-bonus and the reduction-of-premium policies ; 
and we may therefore assume an average rate of mortality for the 
whole sums assured; though if we are dealing with only a single 
class, as is the case in valuing reversionary bonuses, I think we 
should take into account the special mortality which we might 
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suppose to prevail amongst that class. An interestiDg point was 
raised by Mr. Searle; the deaths after sixty being nearly equal in 
all the classes of bonus policies, it is a somewhat extraordinary thing' 
that the annuities differ so greatly. I may say that the annuities 
which are termed "selection" annuities should be termed "select** 
annuities. I borrowed that term from Mr. Sprague, because they 
were calculated in precisely the same way in which he calculated his 
annuities, ^vith the exception that the rates of mortality were not 
separated for the first five years of assurance, but the mean mortality 
was taken over the whole five years for each age, while after the five 
years that portion of the experience corresponding to the H*"**' Table 
in the Institute Experience was used to continue the annuities to 
the end of life. 



The Position of the Insurance Press in relation to Insurance 
Offices and Insurance Interests. By Cobnelius Walfobd, 
F.I. A., F.S.S., F.ll.HiBt. Soc., Barrister-at-Law. 

[Read before the Institute of Actuaries, 28 March 1881.] 

J. THINK the time has arrived when the subject indicated in the 
title of this paper may be fairly and fully considered. It is 
certainly one which must frequently have presented itself to the 
managerial mind ; and there can be no reason why this question 
should not be discussed with as much philosophic calmness aa 
any of the many theoretical problems^ or points in practice^ which 
continually present themselves for reflection^ and perchance for 
decision. 

The point may indeed arise — whether I am the proper person 
to introduce the topic. I take the individual responsibility of 
deciding in the affirmative. I have^ on the one hand^ been as 
frequently assailed by the insurance press, as any one, and, on 
the other, received as much kindness and friendly recognition 
as any man can desire, and more than I claim to deserve. It may 
be that in either case the extreme has been reached, or passed. 
I have the advantage of having been a writer upon the press, 
insurance and general, from the days of my youth, and I say at 
once that my sympathies are largely on that side. But I think 
that the familiarity which draws me to the side of its virtues, also 
renders me, at least in some degree, cognizant of its short-comings. 
I have the further advantage of having been on various occasions 
consulted by managers on the one hand, and by editors on the 
other, upon the points which I now proceed to discuss. 

It is a recognized fact, that no great interest long exists in this 
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country (or, indeed^ in any other) without involving either the 
aid or the hostility of the press. The process is usually this : 
the general press either openly attacks^ or unskilfully criticises, 
a particular interest; some one who knows more of its aims and 
objects than ordinary writers, comes forward as exponent or 
champion; he finds his efforts appreciated, and shapes himself 
into the required line of thought. In this manner he becomes 
£uDiliar with men and things in such connection, and so comes 
to the front on special occasions, almost as a matter of course. 
Then, as ramifications of interests arise, there come to be oppor- 
tunities for varying views. Others join in on such occasions; 
their indications of partisanship become encouraged by the varying 
fiustions; and hence every shade of interest, in process of time, 
has its champion, ready to do battle for the cause it has espoused. 

The field of special journalism thus legitimately created, is very 
apt to become a little redundant. In periods of strife, all may 
find something to say : all may appear to have a path of duty ; 
but when quiet times recur, the champions may be more numerous 
than the requirements of the cause. Then ensues the struggle for 
individual existence, and in that struggle is sometimes evoked 
experiences and expedients which do not redound to the common 
good. In the abstract, all have a right to live ; but if the life is 
to be long, the means by which it is to be sustained should be 
entirely legitimate. In our ordinary daily life, we meet with two 
great classes of persons — the one composed of those who live by 
the force of their industry and ability, who mark out a course of 
independent usefulness, and become prosperous citizens; the other 
class is composed of those who live, as it were, by sufferance; who 
have no self-sustaining force ; who never become citizens of the 
world in the true sense ; they are always helpless and dependent, 
and not unfrequently complain of how little the world has done 
for them ! 

The same is the case with the press, whether class or general. 
There are journals which strike out on a course of obvious utility from 
the day of their first issue, — which fall into a line of acknowledged 
usefulness from the beginning, — and run a prosperous and inde- 
pendent career. There are those also that are almost from the 
beginning mere helpless shams; they originate nothing, they 
uphold nothing; they have no animation, no enterprize, and 
become mere parasites upon the interests to which they are 
professedly attached. I know of no more lamentable, more pitiable 
position, to drift into. 

c 2 
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Now, in the management of monetary institutions, those placed 
in control are usually, and should always be, so placed because 
they are believed to be competent to guide and protect the 
interests confided to them. They are supposed to tsJLC a broad 
business view of all that pertains to their position. They must 
not only give a financial, but a moral account of their stewardship. 

And to such a man as we have last supposed, the conviction is 
certain to arise — ^' In all that I do, in all that I sanction, I must 
see and see only the interests of those that have placed me in this 
position of trust/' And who can or ought to complain that it 
should be so? It is the cultivation of this wholesome precept 
that has made us a great mercantile people. 

On the other hand, it may be asked by mental interrogation^ 
who expects anything otherwise ? We all have to do the best in 
the position we are placed; we all have to respect the trusts 
reposed in us. We all have to show cause, commercially or 
morally, for every act of our daily business lives. Transactions 
conducted on these principles are alike honourable and satisfactory 
to all concerned; operations conducted in subornation of such 
principles are alike unsatisfactory, not to say morally degrading, 
to all concerned. 

Now, we may safely apply these self-evident maxims to the 
dealings of managers of insurance offices, with the proprietors or 
managers of the insurance press. The latter, having created a 
legitimate influence by independence, uprightness, and ability, 
take their stand upon the ground of public utility. They claim to 
render essential service to the cause they have espoused. Their 
journals are the organs of communication with the outer world. 
The announcements contained in their advertizing columns reach 
the eyes of those whose minds have been trained by the well- 
designed articles in the other columns, to understand their signi- 
ficance. A word of editorial comment will be understood to be 
sincere, whether in praise or censure. The editor will have shown 
his readers that he is worthy of their confidence, and the circula- 
tion of his journal will represent a real radius of power. 

An editor who knows that he stands in this rightful position, 
will feel under no submissive obligation to the insurance office that 
gives him its business patronage. He will feel that he is giving 
value for money ; he will not, therefore, sacrifice his independence; 
for by so doing he would most assuredly lose his influence. I 
know of few more proud positions than that of an editor who, by 
the force of his own high teaching, has achieved such a degree of 
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independence. He becomes the centre of communication with an 
ever-extending circle. The knowledge his position enables him to 
aoqniie he imparts to his readers^ accompanied by words of friendly 
caution : by suggestions and advice which they know well how to 
profit by. The power of such a man is immense^ and deservedly 
so; the trust is correspondingly great. And that trust he will 
know must never^ under any circumstances^ be abused ; for once 
forfeited^ it can never be regained. 

So fiar^ our course runs very smooth. I have kept upon the 
lines of theory and analogy. I have admitted that every interest 
finds itself espoused by a section of the press^ which adapts itself 
to the requirements of that interest. I have admitted that this 
special advocacy may be made beneficial to the cause in view; 
and that so long as it is beneficial there is a mutuality of interest 
which leads to and upholds a position of entire independence. 
For ejnoluments rendered on the one side^ there is absolute requital 
in the way of service on the other. 

When we descend from theory to practice^ matters are apt to 
assume a somewhat modified form. It may be asked^ is not this 
assumed protection of class interests apt to be a little overdone 7 
May there not be a little too much championship ? And^ in that 
case, does not the independence become a little subverted f It 
must be admitted that such fears are not altogether groundless — 
that there is such a thing as overstraining the very best designs. 
And it has to be admitted that^ upon such points^ it is the privi- 
lege, as indeed it is the duty, of every manager to form his own 
judgment, and act upon it ! On the other hand, the judgment of 
the manager may be captious ; he may be anticipating more than 
can be ordinarily accomplished. He may be expecting direct mani- 
festations of benefits which, in their very nature, can only operate 
in a somewhat indirect manner. 

In this position of things, it may be well at once to try and 
arrive at a common understanding as to the services which the 
insurance press may render to the insurance offices — anything that 
it may accomplish beyond being so much to the good. I will 
enumerate a few of the more prominent heads. 

1. The press may dwell unceasingly upon the fact that, in all 
times past, from the earliest dawn of social life, the principle of 
association in the bearing of each others' burdens has been in 
operation; and this is the essential principle upon which In- 
surance, in all its multiform branches, proceeds. 
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2. It may go farther, and contend that in all periods of 
advancing civilization, as evinced by the development of commerce. 
Insurance, in some form or other, has gone hand in hand with such 
development, giving to it that one element of protection without 
which business ventures become mere gambling transactions, and 
ruin may await the most seemingly prosperous. And it may 
enforce these views in a hundred pleasant examples drawn from 
the history of the great nations of the past. 

3. It may contend that, to-day. Insurance is as equal to the 
protection of our trade and commerce, in all its varied ramifications, 
and also to meet the contingencies of our daily life, as it ever was. 
That it is in this respect as much relied upon as it has been at any 
time in the world^s history. And that it afibrds the increasing 
advantage of providing for the perpetuation of our social enjoy- 
ments in all their pleasant surroundings. Life insurance, during 
the many centuries of its known existence, was never more active 
for good than it is to-day — never more capable of upholding the 
coveted fabric of social independence. 

4. It may teaqh legislators the lesson, that association for the 
common good is a principle inherent to mankind — that it existed 
anterior to legislation itself; and that, on the whole, it is ex- 
ceedingly doubtful whether legislation — ^by the fiscal burdens it 
has imposed, and by the unmeaning restrictions it has too often set 
up — has not been more productive of harm than good. Further, 
it may safely assert, that whenever legislators attempt to take 
Insurance under their direct patronage, they do this to its great 
detriment. State insurance schemes may be broadly asserted to 
be failures. Insurance thrives best on free soil. 

5. It may point out that, side by side with the development of 
Insurance, have grown up fraudulent devices, aiming not so much 
at its subversion as to the turning its good uses to the pecuniary 
advantage of wrong-doers. That this same principle of fraud is as 
rampant now as it ever was ; but it is only those who are practi- 
cally concerned in the business, and in the various branches of the 
business, who fathom its machinations to the full extent. 

6. In this connection it may ask legislators to lend a helping 
hand in the framing of needful laws of repression. It may ad- 
monish judges against petulance, and other acts of bad taste, when 
insurance associations deem themselves compelled to invoke the aid 
of the law, or when they are under the necessity of defending 
themselves against unjust demands. It may be said broadly that 
no insurance association was ever mad enough to attempt to resist 
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without seeing very good reasons for doing so ; and the 
directors and managers have better means of judging than mere 
outsiders can ever have. 

7. In this same connection it may advocate the enactment of 
laws giving the most ample powers for investigating claims deemed 
to be fraudulent — such^ for instance, as reforming the abuses of 
the present coroners' courts ; and giving ample powers for investi* 
gating the causes of deaths^ as also the causes of fires^ before 
effective tribunals. 

8. In the matter of the protection of our cities and towns 
against fire^ it may make it clear that this is as much a municipal 
duty as attempting to keep away the plague^ or the providing a 
proper supply of water. Where the fire offices are called upon to 
support brigades^ it is throwing upon the thrifty^ who insure, the 
burden of protecting the unthrifty^ who do not. 

9. It may render familiar^- by frequent elucidation^ the laws of 
healthy as applied to communities ; and the principles of longevity, 
as applied to individuals. 

10. And in furtherance of these good offices, it may enforce 
the necessity of provident habits amongst a people who would be 
permanently in the van of civilization and progress. 

11. It may be specially useful in the case of attacks from 
without. The public press may be said to be always at war with 
class interests. This constitutes a portion of its public duty. It 
is for the journals which assume to protect class interests to answer 
such attacks, and to do so with judgment and skill. 

12. It should gather up with diligence all the statistics bearing 
upon the branches of the business of which it assumes to be the 
champion. The maxim that '^knowledge is power ^' applies with 
marked effect to the underwriter; with him, to be fore- warned is 
to be fore-armed. All that is doing in other countries in the same 
connection becomes an essential branch of knowledge, and should 
become known to him with promptness. The press should be the 
medium of communication. 

13. It should be prompt in the announcement of all new works 
on insurance and cognate subjects, wherever issued, and should 
point out their aim and purpose. A detailed table of contents is 
frequently the best mode of accomplishing this. All pamphlets 
bearing upon insurance, controversial and otherwise, should be 
noticed, either critically or generally — the latter preferred. I 
would even say that fresh issues of the prospectuses of insurance 
associations should be referred to, when new features are intro- 
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dnced* The offices would RadDy supply this latter information^ X 



A journal conducted on such principles, and distinguished by 
such teachings, will have a wonderful effect in improving the 
moral tone of its readers. Agents so instructed will soon become 
of a very different stamp from the ordinary men of that dass. 
Such a journal, too, will find outside readers. It is one of the 
objections frequently urged against class journals, and particularly 
against insurance journals, that they do not operate outside their 
class. I do not know that this is a very effectiye argument, 
provided it can be shown that they do good service amongst those 
for whose benefit they are primarily designed. But they must 
either protect the cause fit)m within, or advance it from without, 
if they are to lay claim to be of real utility. Having laid down 
my views of what an insurance journal should be and do, let me 
with equal frankness state what I think it should not be or do. 

(a). It should never attempt to set class against class, i.e., 
office against office — for even agents do not always discriminate, 
or even remember accurately, which is the alleged offender. And 
as to the outside public, evil things said of one office are apt to be 
applied to them all, and thus to engender a spirit of distrust. 

{b). It should never be violently partisan in its advocacy. In 
most well-regulated minds this of itself suggests feelings of 
distrust. No man is always right, or always wrong; and in the 
same way, no company is infallible in its management. There 
are, indeed, occasions when its voice should be loud and emphatic ; 
but these occasions are few and far between, and mostly arise in 
the case of attacks from without. 

(c). It should never proceed to form find conclusions upon 
ex parte statements. The press can always afford to wait until 
both sides have expressed themselves, and then the truth will 
usually be within its grasp. In matters affecting the interests of 
insurance offices — and these are the interests the insurance press 
primarily professes to protect — the office side of the question may 
always be very readily learned. 

{d). It should especially show fair play to young offices. The 
task is difficult enough, even with fair play, to place a young 
company upon a sound business footing. Perhaps there is, at 
the present time, no human enterprize surrounded with greater 
difficulties. Many of the largest insurance offices of to-day have 
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passed through periods when a very small amount of adverse 
criticism would have kiUed them. It is not the province of the 
press to kill; and curative processes are always gentle. It is 
cowardice amounting to infamy, when the assumed protectors ot 
insurance interests lead the attacks upon the weak and the 
struggling. 

{e). Again, when companies are attacked by enemies firom 
without — ^known by the expressive name of '' wreckers '% — the 
insurance journals diould not be the first to play into the hands 
of the enemy by exclaiming, in effect, " we always thought so." 
If it had always thought so, it ought to have said so — supporting 
the assertion by reasonable evidence, which is always available in 
such cases at very small cost. A journalist has no special means 
of judging of the solvency or otherwise of an insurance office. 
This can only be effectively determined by those who have had 
considerable actuarial training and experience. To be small is not 
necessarily to be insolvent It is as unpardonable as it is unjusti- 
fiable to make continued insinuations, having no foundation in 
&ct. Associations that have been so treated can hardly fed very 
sympathetic with the press — ^their traducers ! Again, it is not 
the young offices which have brought disgrace upon the business 
of insurance. 

Of course, I do not here attempt to make my arguments ex- 
haustive; the points advanced must be regarded as suggestive only. 
1 do not want to set up too high a standard of ability in the 
management of an insurance journal. It is not the most able that 
are the most successful, or the most honourable; and those that 
claim the greater superiority are not by any means, as a rule, those 
most entitled to it. There is a conscientious principle itfrolvedin 
true journalism which always manages to make itself felt, and this 
apart from the mere pretensions of the paper and its editorial 
utterances. In truth, the editor that is usually correct in his 
views does not need to proclaim the fact to his readers. They 
know it already; while, if it be not the fact, the assumption of it is 
only to make matters ridiculous ! The one cardinal principle in 
the conduct of a journal, insurance or otherwise, is fiiimess — the 
doing the just thing; in other words, absolute impartiality. 
Without this pervading spirit, the press, instead of being a blessing, 
becomes a curse. The ability in such a case only magnifies the 
capacity for evil. In a fairly conducted journal, if an injustice 
has been done, the editor himself will be the first to make 
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reparation. In this manner^ confidence is established all round. 
A man unfairly represented, by direct or indirect means, knows 
that it is but for the* moment; the next issue will correct the evil^ 
and put things in the proper light. With all our really great 
journals, the principle of fairness has been made a cardinal prin- 
ciple. It says something for human nature that it should be so. 
And when this mode of conduct is departed from, happily the 
journal soon ceases to be great — that is, to be influential. 

Out of the honesty of conduct I have last spoken of, comes 
independence. An honest man is always independent in spirit. 
So it is with an honest journal. Aiming only at what is right, the 
independence comes as a matter of course. 

The mention of independence in journalism opens up another 
consideration; this is usually — ^but not necessarily — ^associated 
with Areedom of speech. Where there is freedom of speech, there 
is always the greater necessity for being certain as to the facts. 
And there is another danger — and that is the Law of Libel. 
Under the plea of ''protecting the liberty of the subject'*, laws 
against freedom of speech, more severe than those to be found in 
almost any other country, have been enacted here. The law of libel 
is essentially the rascal's paradise. An honest and honourable man 
will, and can, bear with a good deal of abuse before he seeks to put 
such cruel machinery into force ; but a man of ill-repute, whose 
conscience renders every harsh word as of magnified import, knows 
of no remedy but the almost savage vindictiveness of a criminal 
prosecution under the law of libel. The insurance press, much less 
frequently than the general press, falls within the meshes of this law. 
This, I am bound to say, is not alvrays because the exemption is 
deserved ; it is rather because those attacked feel that the actual 
facts of tiieir career are known to their professional brethren, and 
mere misrepresentation can do no permanent injury. On the 
other hand, the press itself, where it has failed to speak out when 
plain duty required it to do so, seeks shelter behind the possible 
terrors of the law. 

There is still another view concerning the insurance press, and 
this is, that having espoused the cause of insurance interests in 
general I these are to be regarded as even of wider significance than 
the mere interests of individual offices. The interests of insurance 
may happily be advanced without regard to particular offices, who 
carry on the business merely as a matter of profit. It would be 
well, perhaps, if the press could take this view. But this implies 
that the insurance press should then look to the general public for 
support, rather than to the insurance associations. 
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I confess to thinking that the highest position the press conld 
take wonld be to address the general public^ and advocate insur- 
ance because it is for the common good. There would then be 
no appeals to offices for patronage. The offices would seek the 
joomals^ and advertize in them^ merely because they deemed it their 
interest to do so. The journals might remain insurance journals 
in the true sense of expounding all that relates to insurance ; but 
they would no longer assume the rdle of being the organs of the 
insurance offices. Perhaps the relations between the offices and 
the press will never be entirely satisfactory until this stage be 
reached! 

I will^ for the moment^ glance at the possible mode of conduct- 
ing an insurance journal under such conditions. It would have to 
be made much more of a newspaper — ^news would be its main 
feature ; news of all that related to the interests of insurance. It 
must chronicle all legislative intervention, and keep true record of 
its effects ; it must warn the public of the legislative failures in 
the past, giving time, place, and circumstance. This would not 
be at all difficult. It must report all law cases upon insurance 
contracts before the courts of the world, and especially criticize 
and condemn all miscarriages of justice. I have seen a judge on 
the bench wince under the well-directed lash of a sagacious 
journalist, who saw the real bearing of the case, while all but its 
technical points had escaped judicial cognizance. It must report 
all cases of coroners' inquiries, where insurance interests are at 
stake, and where foul play is suspected. Where the inquiry has 
been but a sham and a delusion, as is too often the case, it must 
say so, in order that other modes of inquiry may be adopted. It 
must deal in the same way with mysterious fires ; with fraudulent 
claims upon accident, plate-glass, and other companies — ^too often 
the victims of much injustice at judicial and other hands. It must 
have the true " Argus eye'' for seeing all that has a bearing upon 
insurance interests. Its reports must be furnished by those who 
have some knowledge of the matters under consideration. Its 
'' leaders" must be short and to the point, indicating the parts of 
the report which contain the gist of the subject. Leaders on 
merely technical points can usually be dispensed with — the 
scientific journals deal with these. Points of practical management 
may be best discussed by opening the columns freely to those who 
understand them — I mean the managers of the offices. The 
correspondence in such a journal becomes at once one of the most 
interesting and instructive features ; points in practice always con- 
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tinue to crop up. To-day it is surrender values ; next week the 
proper rate for a pianoforte manufactory ; and the week after^ the 
extra premium required for residence in China. The skilful editor 
will keep points useful and ripe for discussion constantly in view. 

The ever-extending application of insurance must be duly 
chronicled; its capacity to meet emergencies which can in no other 
manner be so well provided against must be continually reiterated 
and illustrated by example. The views^ indeed^ must be cosmo- 
politan ; the aim^ to furnish the reader with information which will 
be of present as also of permanent interest to him. 

Insurance journalism on these broad-gauge principles has been 
attempted on the other side of the Atlantic^ and I believe I may 
say with reasonable success. A large and extending body of 
readers has been obtained, chiefly amongst insurance agents — ^who 
are a much more independent body there than here — ^but also 
extending to outside circles, as merchants and others. It is no 
part of my purpose now to point to particular journals ; but it is 
always instructive to know what has happened and is happening 
elsewhere. In this connection I may note an experiment which has 
been tried in the United States, and which certainly embodies the 
idea of commercial fairness. The insurance companies (that is, some 
of them) set apart each year a definite sum — constituting, I assume, a 
percentage upon the new premium income of the preceding year — 
and that sum, and no more, they expend with the insurance and 
other journals in the way of securing publicity. This plan recog- 
nizes the fact that, by means of like publicity, such results were 
at least in part attained. By this arrangement, too, the journals, 
insurance and others, live upon results ; and the new aspirants can 
hardly be looked upon as implying any additional tax upon the 
office. 

I know that much more remains to be said; but hope that 
points of value may be elicited in the discussion. To be of value, 
the discussion must be free, i.e., unreserved. I know of no reason 
why it should not be so. Latent dissent is much worse than 
candidly expressed dissatisfaction. The latter presents opportunities 
for explanation and amendment. The press will have its own 
means and opportunities of expressing its views. I trust an 
amicable understanding may be arrived at. The simple fact 
of my volunteering this paper may fairly be construed into an 
expression of my individual belief that the relation of the insurance 
press to the insurance offices and to insurance interests is not 
entirely satisfactory. 
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Notes on the Mortality of the Danish Clergy, from 1650 to 1878. 
By Ha&ald Westekgaard^ of Copenhagen,* 

[Bead before tlie Insiitate, 26 April 1881.] 

Ix. CONSIDERABLE number of inyestigations on mortality in 
times past has already been published^ and without scarcely any 
exception they all go to show the same things that the mortality 
now-a-days is much smaller than it used to be. Some of these 
resolta are^ however^ only found by a sort of induction^ in con- 
sidering the conditions of life and the state of medical science 
in past centuries^ and most of the statistical facts do not go 
farther back than to 1750; for more remote periods^ the statistical 
information which has been gathered is scanty^ untrustworthy^ 
and dispersed. 

I therefore undertook the task of investigating a distinct class 
of society during as long a period as possible^ hoping thus to 
be able to confirm or correct our notions on the variations of 
mortality. The materials were taken from an elaborate bio- 
graphical work by the Rev. S. V. Wiberg, published 1870-71, 
with a supplement from 1879. 

I confess that the general impression of the results was that 
of a disappointment. In fact, the materials appeared so incorrect, 
that distinct numerical conclusions were not admissible. Still, 
I have thought it of interest to publish the chief results, hoping 
that, by-and-by, more correct materials may be at hand, and 
that the readers will consider the results here laid down as 
merely preliminary. 

One curious fact assists us greatly in investigating this 
particular class of society ; and if not for that, we should probably 
never have been able to go so far back as we have done here. A 
few decenniums after the abolition of the Catholic Church and the 
celibacy of the priests, in 1586, it was — de facto, if not de jure — 
almost a necessary condition of appointment to maiTy. Very fi*e- 
quently, the predecessor's widow, or at least a relation of his, was 
the obligatory bride ; or the rectorship was inherited from father 
to son. At all events, a great many clergy-families arose in this 
way, whose pedigrees were rather ^y to ti*ace. 

It is hardly necessary to dwell upon the conditions of life in 
these remote periods. Every country in Europe has, to a certain 

* For f ullor information, we may refer to a greater work by the same author, 
now under the press, entitled Die Lehre von der Mortalitdt und morbilitdt. 
(Qustav Fischer in Jena.) 
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degree^ tbe same social history^ only the dates may be somewhat 
different ; and the clergymen shared the lot of society in general. 
In the 17th century the Danish clergy^ on the whole^ were poor^ 
uneducated^ rude^ and intemperate^ like most of their contem- 
poraries^ though we must make allowance for a number of highly 
educated and serious men. In the next century^ the conditions 
of life improved^ and it will be seen that the effect on the 
mortality was striking. In the present century^ finally^ Denmark 
has entered a new stage^ in almost every respect opposite to that 
of the past centuries^ and the conditions of life are altogether 
different from what they used to be. 

Before proceeding to state the results of our investigation^ we 
may consider the methods and the accuracy of the materials. 
Births^ deaths^ and appointments were assumed to be distributed 
uniformly over the year ; or^ which amounts to nearly the same 
things to take place in the middle of the year. The persons^ 
therefore, who were bom, for instance, in 1760, were, at the 
beginning of the year 1790, on an average 29^ years old, and 
the rates of mortality will therefore hold good for the ages 29^ 
to 30^, &c., instead of from 30 to 31, &c. It is necessary to state 
this, in order to avoid mistakes, for statists frequently err in this 
respect. 

Such a laborious work as Wiberg's cannot be altogether 
correct. A considerable number of errors must always be caused 
by reading and writing incorrectly ; and even when we deal most 
scrupulously with the materials in computing the number of 
deaths and of years of life, we cannot avoid errors. 

But there is another cause which has a much wider bearing. 
A great number of particulars are not to be had. Thus, where 
the church registers are burnt, it may be difficult to find out the 
years of birth, and in many cases the years of death or appointment 
are unknown. Not even in this century are the materials quite 
pure. I doubt whether any investigation is possible without 
dealing, to a gi*eater or smaller extent, with such unsafe experiences. 
Generally, statistical investigators pass silently by these difficulties, 
without stating how they have been overcome. The best plan is, 
evidently, to divide the materials into safe and unsafe experiences, 
so that everybody may judge as to the reliability of the results. 

It frequently happened that the year of birth was wanted, 
whereas we knew when the person entered university. It was found 
that, with great approximation, 20 years was the average age for 
the students at the beginning of the first term. Nine out of ten 
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unsafe experiences belonged to this class^ with unknown birth 
year^ and in one-fourth part of these cases we knew the year of 
entering university. As to the remaining cases^ a few persons 
were noticed as dead at an uncertain age^ whereas the year of 
dismissal was known ; and it was found that^ on an average^ six 
years lapsed between dismissal and death. 110 persons^ besides, 
had no certain death-year, and the remaining persons were chiefly 
those who had no fixed date of appointment, wherefore an average 
age was used deduced from the following and preceding years. 

I was greatly at a loss with regard to the 110 persons whose 
death-years were unknown. Where there are only a few unsafe 
experiences of this description, it is, of course, indifferent what 
assumptions we make use of. But this is not the case here. We 
may, indeed, assume that the mortality among these persons has 
been nearly the same as among the others, and thus compute 
the ages at death according to this hypothesis. But we must then 
bear in remembrance that it is totally indifferent whether we 
include the numbers which we compute in our calculations, or 
leave them out of consideration 3 the rates of mortality must be 
exactly the same, at least if we do not make use of the rough 
expedient to assume that all persons die at the same age, but 
distribute the ages according to what we learn from the remaining 
materials. In the original work, I have chosen to give a complete 
list of all these 110 cases, so that future investigators may deal 
with these materials as they like. 

The following are the chief results : — 
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In computing these rates of mortality^ we most remember two 
difficulties. Firstly^ the numbers aie not great enough to give any 
degree of accuracy to so many decimal points. According to the 
calculus of probabihties^ the true rate at the age 55-65 may as 
well be^ for instance^ 2*21 or 2'51 as 2*36. But we only require a 
general idea of the main features of mortality among the Danish 
clergy^ and this we may fairly say that we have attained. 

Again^ in comparing these rates with the rates for the general 
population^ or the English clei^, we must interpolate them ^ 
forward, in order to get corresponding classes of age^ i.e,, in order 
to proceed from 24^-341, &c., to 25-85, &c. After doing this, we 
find that the mortality among the clergy is much more favourable 
than in the urban districts, and, on the whole, smaller than in the 
rural districts. The mortality is, on the whole, a little higher than 
among the EngUsh clergy, which is in accordance with what we find, 
if we make use of Hodgson's experience instead of Dr. Farr^s. 

It will probably be more interesting to compare these mortality 
rates with those prevailing in former periods. The following table 
shows the results : — 

\^8ee next page."] 

The unsafe experiences, 1840-78, give 8*1 expected, and 9 
actual deaths. It would alter the results very little if we had 
combined the safe and unsafe experiences for this period. 

It is curious that the unsafe experiences show a higher rate of 
mortality than the other ones. This may easily be understood; for 
the persons who died young are more likely to die without having 
made a name than those who die old, not to speak of the fact that if 
a man dies young he belongs to an earlier period than if he reaches 
the old age; and we see, on inspection of the tables, that there is a 
great progress in the accuracy of the materials. 

There is the most striking improvement in health from one 
period to another, whether we consider the safe or unsafe expe- 
riences. In the past centuries the mortality was more than double 
that of the last period (1840-78). 

There is reason to believe that the mortality among the 110 
persons with unknown death-year is not less than in the safe 
experiences; and we are therefore fully entitled to the conclusion, 
that mortality has been greatly decreasing under the influence of 
the causes which have transformed the society during the present 
centui7. 
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Discussion. 

The paper was read bj Mr. Scttox, but before doing so, he said — 
Before I read this paper, perfaape it would be well that I should say a 
few words with regard to the manner in which it came into my hands. 
The writer became known to me when he was in England, some two 
or three years ago, on the subject of the working of the present 
friendly society system of tins country, having been commissioned to 
come over to England to make some enquiries on the subject ; and 
since then I have had some written communications with him. He 
is comparatively young, I believe; and from what I have seen, he 
certainly appears to have shown great industry in making certain 
actuarial investigations ; and the notes which I am going to read to- 
night I have purposely had printed exactly as he sent them over to 
me, without anv editing whatever. Of course, there are certain im- 
peif ections in tne language, but I considered it better that his work 
should in the first instance appear, on the whole, exactly as written ; 
and I think, from this point of view, it will be considered as entitled 
to great credit. The notes themselves are really a translation of a 
portion of a large book that he has been writing, of which he gives 
the title in a note. It is quite clear, from extracts that he has sent 
me from time to time, that it is in its way a verv creditable produc- 
tion. It will no doubt interest the members of the Institute to know 
that I had a letter from him only last week, to say that this book had 
been thought so highly of that the Danish University has awarded 
him a gold medal. 

The Pbesident, in inviting a discussion on the subject, said — 
Gentlemen, we are always glad to welcome communications from our 
foreign friends ; and I am sure that, short as this paper is, it is a 
welcome contribution to a subject in which we must all take an 
interest in this Institute — ^the mortality of particular classes. The 
clergy are a very important class of the community in all countries, 
and any information which throws light upon the mortality of that 
particular class is of interest. I am struck with the opening sentence 
of this paper of Mr. Westergaard's, where he says that, beyond all 
question, mortality nowadays, to use his own phrase, is much smaller 
tnan it used to be. I confess to be somewhat a sceptic on this subject 
myself, and I think that the information relating to the seventeenth 
or even the eighteenth century is pot altogether to be depended upon. 
(Hear, hear.) I confess I should like some more information about 
the sources of the materials from which the facts of the seventeenth 
century are derived. It is quite incredible to me that while 459 
deaths occurred in the seventeenth century, the computed number, by 
a corresponding table of mortality, in the nineteenth century, should 
be only 194. I do not believe such a thing for one moment. Again, 
in the eighteenth century, the expected deaths are about one-half of 
the actual number. The actual deaths are 1,380, and the expected 
deaths 657. If that be true, anything like a law of mortality is at an 
end. As to the clergy, there are two or three noticeable circumstances. 
There is undoubted evidence that the rate of mortality amongst the 
clergy is better than in the conmiunity generally. It would be 
interesting if we could get some information about the mortality of 
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priests in the Church of Rome, where celibacj is ohligatory, and 
mboot the mortalitj of priests of the Eastern Church, where marriage 
is compulsoiy, and compare them with communities like the clergy- 
men of the Church of England, or other churches, where celihacj is 
neither compukorj nor otherwise. As to the accuracy of these 
materials, it is said, '' It frequently happens that the year of hirth 
was wanted, whereas we know when the person entered the uni- 
Tersity." In England, many men enter holy orders late in life. 
Therefore I think that the date when they enter the university would 
not be a fair guide as to the date of birth amongst the cler^ of the 
Church of England. It may be in Denmark, but not in England. 
I shall be yery glad to hear any observations which any gentlemen 
haye to make on the subject of this paper or on the subject of mor- 
tality generally. 

Mr. D. A. BuHSTED — I take some interest in this matter, having 
translated a paper by Herr Stiissi upon the mortality of the clergy, 
which appeared in the Journal a few years ago, and gives a great AetX 
of information about them. I quite agree with you that it is very 
difficult to ascertain the mortality of the population generally for the 
seventeenth century. The information in this paper gives very little 
upon which we can go. There is no doubt that the Danish clergy 
are in a better condition as regards mortality now than they were in 
the seventeenth century, because at that time they appefu:ed, from 
Mr. Westergaard's paper, to have been in a condi&on within a 
measurable distance of barbarism. The great majority of them 
were intemperate, poor, uneducated, and rude. Of course, we can 
hardly expect such a good rate of mortality among that class of 
people as amongst those existing at the present day. But I do not 
think we can draw any conclusion respecting the mortality of the 
seventeenth century. In the paper that Herr Stussi wrote, there is a 
comparison of the mortality of the Greek clergy with that of the 
Prussian clergy, by Casper's table. The duration of Casper's observa- 
tions was from 1760 to 1835 ; and Stiissi's observations of the Greek 
clergy were from 1820 to 1871 ; so that there we have two consecu* 
tive periods, the first of 75 years, from 1760 to 1835, and the second 
of 50 years, from 1820 to 1871. From this table, it appears that 
there is very little difference between the mortality of the clergy in 
the first period and that in the second period. 

The PBKSiDsyr — The Prussian clergy and the Greek clergy P 

Mr. BiTMSTXD — ^Yes. 

The Pbesidskt — They are two different classes of men. 

Mr. BuMBTED — Tes. But he mentions some important points in 
which the Greek clergy resemble the Protestants, and gives his 
opinion — with which I am disposed to agree — ^that at the present day 
there is a much greater strain than formerly upon the powers of the 
clergy (as indeed there is upon all classes), which, so far as the rate 
of mortiality is concerned, more than compensates for any improve- 
ment in their condition. Here is a diagram, showing that the 
mortality of the Greek Catholic clergy, as a rule, runs above Casper's 
table and below Brune's Prussian table. Of course, the statistics are 
very small, but as far as they go they seem to be tolerably clear. I 
am sure we are much obliged to Mr. Sutton for bringing this subject 
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before us ; and I must congratulate the aathor npon the correctness 
of his English. 

Mr. Wjllford — Mr. President, I respond to your call, but have 
been waiting in order that others who know more of this subject than 
I do should have an op]X)rt unity of saying what they know. I dare 
say we have all, as a matter of interest and professional necessity, 
paid attention to the mortality of the clergy. It is a very interesting 
subject, and there is a problem about it which to my thinking has 
never been entirely cleared, and which, perhaps, hardly admits of 
being cleared up. If any class of persons in the community ought to 
live a long life, the clergy ought to do so. If having time for mental 
contemplation, and being surrounded with everything which makes 
one's life pleasant, should have any influence on longevity, the clergy 
ought to get the benefit of that influence, and to all appearance they 
do seem to have had that advantage. But there are some aspects of 
the case which seem to point in another direction. There is a society 
carrying on business in this country which has granted annuities to 
clergymen out of health — health annuities ; and I believe the experi- 
ence of that society has been so disastrous that they would be very 
glad indeed to discontinue the business, but they cannot discontinue 
it because the annuitants will not die or go off the funds, but their 
health has been so bad as to indicate in some degree an aspect 
different from their proverbial longevity. I cannot quite accoimt for 
that. Another fact which presents itself to one's mind may, in some 
respects, account for the state of health, but hardly for the increased 
longevity against the failing health. It is this : in families, it fre- 
quently happens that the least robust of the male members will be 
brought up to the church. If there is any selection at all, it is 
natural, I think, that the least strong and robust should be selected 
for so easy a profession as the church. I have noticed it in my own 
family, and in some others ; they have been selected for their occupa- 
tion because their constitutions are rather frail, and an easy life 
seemed to be desirable. If that selection has existed to any great 
extent, it is the more remarkable that the clergy should present so 
good a record as they usually do in the matter of longevity. As to 
the Danish clergy, there are in this paper several points which strike 
me as tending to invalidate the broad results stated. This may only 
have arisen from the obscurity of the language. Perhaps Mr. Sutton, 
when in correspondence with the author of the paper, will be good 
enough to take up any points arising in this discussion, and ask for 
explanation about them. With regard to the assumption in the 

{>aper that the general mortality of Europe has improved during the 
ast two or three centuries, I share with you considerable doubt upon 
that point. I believe that the first person who assumed he had made 
that fact clear was the late Mr. Griffith Davies, who became very 
positive on the subject; but it has occurred to me that the data 
which he has presented to his readers in confirmation was by no 
means conclusive. Dr. Farr, in some of his writings, has, I think, 
taken a similar view, and held that the duration of life has increased 
with each century. I have some doubts about it. It is possible that 
the absolute duration of life — that is, the number of years lived in 
'communities — ^has increased. Medical science has done something 
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a good deal, perhaps, — ^in saving the lives of sickly children, who 
used to die young. It may have kept them alive, and brought them 
up into middle age; but sickly children, I apprehend, never make 
strong lives, and in the end do not add very much to the longevity of 
a nation. It may be so, or it may not. That is one of the points 
that strike me. I have been reading lately a work bearing upon this 
subject of increased longevity — ^a somewhat start 1 ing book . Dr. Parki n 
has pnblished part ii. of his work on Epidemiology, and therein he 
broadly asserts that all the health appliances and other things which 
bare been introduced for the improvement of the sanitary condition 
of towns have done nothing, and will do nothing, to prolong human 
life. He says that the laws of life are governed by circumstances 
altogether beyond the control of human invention. His theory is 
that mephitic vapours, arising from volcanic action in the earth, 
produce pestilential epochs at certain recurring periods, and destroy 
mankind as they always did, and that will be the result up to the end of 
the chapter. This is a very remarkable and startling theory to be put 
forth in the present day, when we have been thinking that we have 
done so much. I have not made myself familiar with all the facts. 
He gives a great many confirmatory statistics ; and I must say that, 
prima facie, he makes out a pretty good case. I have not been able 
to analyze his theory very carefully at present. Although I have 
put the subject of plagues and pestilences down for two consecutive 
years, for a paper to come before the Statistical Society, wherein this 
point will be specially considered, I have not yet had time to complete 
it, and, in fact, I have not seen my way to bring the whole subject 
within the space of an ordinary evening's discussion. If it should 
be as he says, then I think that we may take it for granted that the 
probability of the duration of life has not really increased, and that it 
never will increase. I do not adopt the theory. I report it as I 
find it. It is one of the interesting points in connection with human 
life which actuaries are called upon to consider, for it has a considerable 
bearing upon the problems which, in this room, we are concerned in. 
I am always glad to welcome an addition to the collected facts, and 
especially from countries whose social life we are not familiar with. 
They are valuable in many ways ; and the fact that a man like the 
gentieman who has sent the paper to-night, living in another country, 
under altered circumstances, will investigate the subject from his 
point of view, must be productive of good. Every year seems to 
bring some addition to the facts already existing, and, on the whole, 
in the end I suppose that we shall have a mass of matured mortality 
observations such as never existed before; and which ought, if they 
have any value at all, to render the science of life contingencies a 
more fixed science than ever before. On the other hand, if Dr. Parkin's 
view is to be considered as correct, then all the improvements which 
are effected, whatever beneficial results they seem to promise, will end 
in delusion. I still think it cannot be so, but there is, at all events, 
a scientific man of repute who boldly asserts that that is the case. 
I might go a step further, and point out how civilisation appears to 
bring its own penalties in the way of intensifying some of the causes 
of death, such as those resulting from brain diseases, heart disease, 
and other causes relating to the nervous system, as also from violent 
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deaths, but I will defer tbu considentioD until auother fittiDg 
occasion. (Hear, hear.) 

Mr. A. Day — ^I think, Mr. President, that we are rather in a 
difficnltr in discnssing a paper about the Danish clergy without 
anyone here to explain to us the character of that clergy and their 
form of religion, for we know comparatively little about Denmark at 
all. He says that in the seventeenth centuiy the Danish clergy were 
uneducated, rude, and intemperate — like all the rest of the nation, 
according to this account. But, unhappily, we here do not know 
much about what the habits of the Danes were — ^whether they were 
an especially intemperate race. It is noteworthy that they sent 
Hamlet to England when he became mad. 

Mr. Walfobd — There was something rotten in the state of 
Denmark. 

Mr. Day — ^There was something rotten in the state of Denmark, 
as Mr. Walford says. What struck me as rather astonishing was 
this — ^that the author has got a record of such a considerable number 
of deaths of the clergy in this period. We find that the actual 
deaths according to the safe experiences between 1650 and 1699 were 
459, and that the unsafe were 859. That is about 1,300. There 
were about 2,000 in the next fifty years, and then there is another 
quantity of 2,000, and another of 1,800. That seems to be an 
enormous number of facts to have got together in one limited class, 
when we know that the population of Denmark is something under 
two millions. At least, I believe it to be so. 

Mr. SuTTOK — These are the deaths over fifty years of time. 

Mr. Walfobd — ^All the small villages of Denmark have their 
clergymen. 

Mr. Day — It seems to be a large number of facts to be able to 
get from such a small kingdom as that. But then, from what the 
author calls his safe experience, from 1840 to 1878, he brings out a 
rate of mortality which is almost more favourable than that of the 
English clergy in the last column but one. Well, that astonishes me. 
Does not it you P 

The PBEBiDEirr — ^No. 

Mr. Day — I do not think I have any further remark to make. 
We shall be very glad to see the larger work which Mr. Westergaard 
proposes to publish. 

Mr. Sutton, in replying on behalf of the writer of the paper, 
said — ^In communicating, sir, with Mr. Westergaard, I will take 
special care to mention what you have pointed out. I think that 
he will probably be able, in some way or other, to give us a short 
account of the nature of the materials &om which he has derived 
his facts. I have no doubt that at the same time I can get him — 
I will not say to write a little Danish history — but to explain to us 
what is the precise nature of the duties and social position, <$bc., of 
the Danish clergy, so that we may be able to judge how far they 
resemble those of our own clergy. With regard, sir, to the general 
question raised in this paj^er — tne marked improvement in the mor- 
tality from century to century, I am bound to say, looking at these 
figures, that I am rather inclined to be of your opinion — that somewhere 
or other (where, I do not know) there is something a little wrong. 
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It has always occurred to me in many similar inquiries, whetiier this 
form of stating the comparison is the best It is, perhaps, a complicated 
subject to go into, and one of some difficulty ; but I am not at all 
certain that this method of taking years of me, putting opposite the 
actual deaths, and then multiplying those years of life into another 
rate of mortality to give what are called the expected deaths, and 
carnring the process right through the table, is the best form of 
showing the comparison hetween different periods. I have thought 
it oyer myself a good deal, and I am quite sure there is a good deal 
to he said on the subject. If any member of this Institute were to 
th<m>ughly inyestigate this point, and bring his results before the 
Institute in the form of a paper on the subject, I am sure that it 
would yery well repay the trouble he might take. Then, sir, going 
one step more into detail with regard to comparing the mortality of 
a giyen occupation in yarious countries, you can neyer quite get hold 
of the exact effect of the occupation upon the rate of mortality, 
because you cannot bring the Danish clergy oyer here and make 
them do their duty in this country under the conditions of climate, 
salary, and certain other things; and a difficulty always, I think, 
exists with regard to these comparisons. I haye had this brought 
to my mind to-night through what Mr. Bumsted mentioned with 
regard to the comparison of the mortality of the Prussian clergy with 
that of the Greek clei^. There the same difficulty exists. Apart 
from other things there is a marked difference between the Prussian 
climate and the Greek climate, which must haye some influence. 
Mr. Walford mentioned a society whose experience showed a con« 
siderable amount of ill-health, and at the same time a remarkable 
yitality on the part of clergymen. With regard to that, perhaps 
Mr. Walford can tell us in what way the ill-health was ascertained r 

Mr. Waifobd — From communications published, they will show 
precisely what I haye said. They are annuitants. 

Mr. SuTTOW — Then there is a remark of Mr. Walford's with 
regard to increased longeyity, which brings me back to what I just 
took occasion to mention as to the proper way of comparing one 
mortality experience with another. Increased longeyity is to me a 
rather yague phrase. If you take ten thousand men of the same 
giyen age, they haye all got to die, no matter what the experience 
is ; and the question is, would Mr. Walford, or anyone else, define 
increased longeyity as holding, if a yery large proportion attain old 

The President — If the ayerage duration is greater in the Carlisle 
Tables than in the Northampton Tables, that would be increased 
longeyity. 

Mr. WAitFOBD — That is what I meant. 

Mr. SuTTOir — I do not wish, sir, to discuss the matter now, 
beyond stating that I think it will be proyed on close examination 
not to be such a simple matter as may at first sight appear. I am 
sure that Mr. Westergaard will be very pleased to hear that his little 
contribution has been so well received. 
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Mr. Satton has since reoeired a commmiicatioii from Mr. 
Westergaard in reference to the matters referred to in the ahove 
discussion. 

Mr. Westergaard writes as follows : — 

There appears to hare been some doubt among the members of 
the Institnie who took part in the di.<cu&sion as to the social condi- 
tions and hLstorj of Denmark. If I were to describe the nation in a 
few words, I would saj that, to obtain a correct idea of it, you should 
add the English and German nations together, and take an ayerage. 
In fact, Denmark is now quite a modem country ; nor has it ever 
been much behind other European nations. When saying that the 
fiopulation in the seTcnteenth century was intemperate, I belieye that 
this was a description applicable to the whole European population, 
with but few exceptions. 

As to the facts, I can only add this, that there are perhaps 1,000 
clergymen now in Denmark, and this may very well give 2,000 deaths 
during a long period (1,046 deaths in 39 years). The duties of a 
clergyman are not very diiTerent from those of your own Protestant 
ministers, or of the English clergy ; and their position in society is 
much the same, or perhaps better, the Danish clergy being propor- 
tionately well paid. 

With regard to the so-called Unsafe Experience, I may say that 
the average age of students on entry was computed from the safe 
materials, not from other records ; and this seems to me to corroborate 
my conclusions on this point. 

As regards the main question, I confess that I am of opinion that 
mortality is continually undergoing very great changes. Messrs. 
Bailey and Day have found that not even one- tenth of the children of 
the Peerage Families die in the first year of life. In Bavaria, on the 
other hand, it is found that 30 per-cent die, and in some districts 40 
or 50 per-cent ! Dr. Farr has shown that the rates of mortality 
among innkeepers, cabmen, potters, Ac., are double those of clergy- 
men and lawyers. My opinion is, that whenever there are great 
social causes acting, mortality will undergo changes from one place, 
or profession, or period, to another. 



The Influence of Marriage on the Death-rate : being Observations 
on Dr, Stark's Conclusions, by Herbert Spencer^ Esq.; 
R. A. Proctor^ Esq., and Dr. W. Robertson. 

IN our number for July 1880, we reprinted extracts from Dr. 
Stark's writings on this subject. We did not at the time express 
any opinion of our own as to how far Dr. Stark's figures, as to 
married men and bachelors, justify the conclusions he draws from 
them ; but we left our readers to form their own judgment on the 
subject. We now submit to them some criticisms on Dr. Stark's 



1881 .] 7%e Influence of Marriage on tke Deaik-rmie. 41 

eonclasknu by Mr. Herbert Spencer and Mr. K. A. Proetor ; and 
in doing so we think it well to state that, while Dr. Stark's figures 
nnmistakabl J show the higher mortality which prevails among the 
unmarried^ it seems to ns that there is some want of clearness 
and consistency in his explanations as to the probable canse of the 
difference. He very truly points out that it is mostly the robust 
and temperate who marry, and that the weak, the diseased, and 
the licentious, do not marry; and that these facts furnish the 
natural explanation of the difference which exists in the death- 
rates of the married and unmarried. This view appears to us 
unquestionable ; but it seems inconsistent with the statements that 
Dr. Stark has made elsewhere, ''that the prolongation of life 
which attends that [the married] state, is a special provision of 
nature to protect the father of a family, in order that he may 
provide for his ofiBpring, and superintend their rearing.'' It 
seems also quite at variance with his remark that " bachelorhood 
is more destructive to life than the most unwholesome trades, or 
than residence in an unhealthy house or district, where there has 
never been the most distant attempt at sanitary improvements of 
any kind." 

We entirely concur in the views expressed by Mr. Spencer and 
Mr. Proctor, and the only remark we think it necessary to make, 
is that, whereas both of those writers speak of the effect of 
marriage on "longevity", Dr. Stark's statistics say nothing what- 
CTer about longevity, but only about the rate of mortality among 
married men and bachelors. At first sight it may appear that this 
is a matter of no consequence, — that, if the rate of mortality is 
less, the longevity must be greater, and conversely. This would 
be quite true as regards two permanently distinct bodies of persons ; 
for instance, if a body of women were permanently subject to a 
less mortality than a body of men, it is clear that their longevity 
would be greater; but the bachelors of whom Dr. Stark gives 
statistics are not in this sense a distinct body of men from the 
married, for there is a constant transfer taking place from the 
ranks of the bachelors to those of the married. It is, therefore, 
not correct to speak of the longevity of the bachelors and the 
married at all. This, however, does not in any way affect the 
validity of the arguments of Mr. Spencer and Mr. Proctor ; for it 
will be found that if, instead of longevity, we substitute rate of 
mortality, their arguments will be unaffected. 

We need only add that, if the widowers had been included 
with the unmarried instead of with the husbands, the differences 
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between the rates of mortality would have been still greater. It 
clearly appeared from Mr. Sprague^s investigations into the rates 
of marriage and mortality among the Peerage widowers^ that the 
rate of mortality among those widowers who did not remarry, was 
extremely heavy, — so much so at the younger ages, that it would 
scarcely be an exaggeration to say that all the young widowers in 
good health, remarried within a few years ; and that those who did 
not remarry, died early. — ^Ed. J,I.A, 



Extract from " The Study of Sociology**, hy Hebbebt Spbitcer. 

A few years ago, Dr. Stark published the results of comparisons 
he had made between the rates of mortality among the married and 
among the celibate : showing, as it seemed, the greater healthfulness 
of married life. Some criticisms made on his arg^ument did not 
seriously shake it ; and he has been since referred to as having con- 
clusively proved the alleged relation. More recently I have seen 
quoted, from the Medical Press and Circular , the following summary 
of results supposed to tell the same tale : — 

" M. Bertillon has made a communication on this subject (' The 
Influence of Marriase') to the Brussels Academy of Medicine, which 
has been published m the Bevue Scientifi^ue. From 25 to 80 years 
of age, the mortality per 1000 in France amounts to 6*2 in married 
men, 10'2 in bachelors, and 21*8 in widows. In Brussels the mor- 
tality of married women is 9 per 1000, girls the same, and widows as 
high as 16*9. In Belgium from 7 per 1000 among married men, the 
number rises to 8*5 in bachelors, and 24'6 in widows. The proportion 
is the same in Holland. From 8*2 in married men, it rises to 11*7 in 
bachelors, and 16*9 in widowers, or 12*8 among married women, 8*5 
in spinsters, and 13*8 in widows. The result of all the calculations is 
that from 25 to 30 years of age the mortality per 1000 is 4 in married 
men, 104 in bachelors, and 22 in widows. This beneficial influence 
of marriage is manifested at all ages, being always more strongly 
marked in men than in women." 

I will not dwell on the fallacy of the above conclusions as referring 
to the relative mortality of widows — a fallacy sufficiently obvious to 
any one who thinks awhile.* I will confine myself to the less 

* Mr. Spencer has favored us with the f oUowiDg observations on this point : — 
"The class of widows, taking it as a whole, includes those who having been 
previously, with their children, supported by a husband earning wages, are left 
after his death to support themselves and their children ; and clearly, the stress 
brought upon them by this extra exertion, anxiety, and physical privation, is 
very much greater than that which falls upon any other class. Consequently, 
they are conditioned in a way which inevitably entails an increase of mortality. 
Further, it is to be observed that this excess of mortality in the class of 
widows, consequent upon the condition in which they are left, is increased by the 
several causes which take away from among them those who are most likely to 
be long livers. In the first place, those are most likely to be remarried who have 
best preserved their physical vigour and concomitant attractiveness of appearance ; 
and this implies that, had they remained widows, they would have been among 
those who Uved longest. In the second place, those are most likely to be 
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coDspicaoiis fallacy in the comparison between the mortalities of 
marned and celibate, fallen into bj M. Bertillon as well as by 
Dr. Starlc. Clearly as their figures seem to furnish proof of some 
direct causal relation between marriage and longevity, they really 
famish no proof whateyer. There may be such a relation ; but the 
CTidence assigned forms no warrant for inferring it. 

We have but to consider the circumstances which in many cases 

determine marriage, and those which in other cases prevent marriage, 

to see that the connection which the figures apparently imply is not 

the real connection. Where attachments exist, what most frequently 

decides the question for or against marriage? The possession of 

adequate means. Though some improvidently marry without means, 

yet it is undeniable that in many instances marriage is delayed by the 

man, or forbidden by the parents, or not assented to by the woman, 

untal there is reasonable evidence of ability to meet the responsi- 

bilitios. Now of men whose marriages depend on getting the needful 

incomes, which are the most likely to get the needful incomes P The 

best, physically and mentally — the strong, the intellectually capable, 

the morally well-balanced. Often bodily vigour achieves a success, 

and therefore a revenue, which bodily weakness, imable to bear the 

stress of competition, cannot achieve. Often superior intelligence 

brings promotion and increase of salary, while stupidity lags behind 

in ill-paid posts. Often caution, self-control, and a far-seeing sacrifice 

of present to future, secure remunerative offices that are never given 

to the impulsive or the reckless. But what are the effects of bodily 

vigour, of inteUigence, of prudence, on longevity, when compared 

with the effects of feebleness, of stupidity, of deficient self-control ? 

Obviously, the first further the maintenance of life, and the second 

tend towards premature death. That is, the qualities which, on the 

average of cases, give a man an advantage in gaining the means of 

marrying, are the qualities which make him likeij to be a long-liver 

and conversely. 

There is even a more direct relation of the same general nature. 
In all creatures of hi^h type, it is only when individual growth and 
development are nearly complete, that the production of new indi- 
viduals becomes possible ; and the power of producing and bringing- 
up new individuals, is measured by the amount of vital power m 
excess of that needful for self-maintenance. The reproductive instincts, 
and all their accompanying emotions, become dominant when the 

reiDArried who either have no children, or who are least hurdened with cbildren; 
which again implies that the remarried ones are those whose constitutions are 
least likely to hare been shaken by much child-bearing. And in the third place, 
there is abstracted from the class of widows by remarriage, those who are 
possessors of considerable means, and whose property aflordi a temptation to 
second hnsbonds — ^that is to say, those who would be the most able to survive 
notwithstanding the loss of their husbands : leaving behind those who, being 
poor, are the least able to struggle with their difficulties. Even supposing, then, 
that no widows were remarried, their mortality in consequence of their difficulties 
in maintaining themselves and their children, would be above the average ; and 
this extra mortali^ is made greater by the remarriage of those among them who 
are most likely to be long-lived. Hence, then, the enormous mortality of widows, 
as shown by the statistics, is amply accounted for, apart from any intrinsic effect 
which marriage produces." 
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demands for individual evolution are diminishing, and there is arising^ 
a surplus of energy which makes possible the rearing of offspring as 
well as the preservation of self ; and, speaking generally, these 
instincts and emotions are strong in proportion as this surplus vital 
energy is great. But to have a large surplus of vital energy implies 
a good organization — an organization likely to last long. So that, in. 
fact, the superiority of physique which is accompanied by strength oF 
the instiucts and emotions causing marriage, is a superiority o£ 
physique also conducive to longevity. 

One further influence tells in the same direction. Marriage is 
not altogether determined by the desires of men ; it is determine in 
part by the preferences of women. Other things equal, women are 
attracted towards men of power — physical, emotional, intellectual ; 
and obviously their freedom of choice leads them in many cases to 
refuse inferior samples of men — especially the malformed, the diseased, 
and those who are ilLdeveloped, physically and mentally. So that in 
so far as marriage is determined by female selection, the average 
result on men is that while the best easily get wives, a certain pro- 
portion of the worst are left without wives. This influence, therefore, 
;oinB in bringing into the ranks of married men those most Ukely to 
}e long-lived, and keeping in bachelorhood those least likely to be 
long-lived. 

In three ways, then, does that superiority of organization which 
conduces to long life, also conduce to marriage. It is normally 
accompanied by a predominance of the instincts and emotions 
prompting marriage ; there goes along with it that power which can 
secure the means of making marriage practicable ; and it increases 
the probability of success in courtship. The figures given afford no 
proof that marriage and longevity are cause and consequence ; but 
they simply verify the inference which might be drawn a priori, that 
marriage and longevity are concomitant results of the same cause. 



Extract {slightly abridged) from ^^ Light Science for Leisure 
Spurs^\ by R. A. Peoctob, pp, 240-246 ; being an Article 
contributed to the "Daily News'\ 17 Oct, 1868. 

The Boyal Commission on the Law of Marriage has attracted 
attention to many singular and instructive results of modem statistical 
inquiry. Not the least important of these is the apparent influence 
of marriage on the death-rate. For several years, it has been noticed 
by statisticians that the death-rate of unmarried men is considerably 
higher than the death-rate of married men and widowers. We believe 
that Dr. Stark was one of the first to call attention to this peculiarity, 
as evidenced by the results of two years* returns for Scotland. But 
the law has since been confirmed by a far wider range of statistical 
inquiry. The relative proportion between the death-rates of the 
married and of the unmarried is not absolutely uniform in different 
countries, but it is fairly enough represented by the following table, 
which exhibits the mortality per thousand of married and unmarried 
men in Scotland : — 
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From this table we are to understand that out of 100,000 married 
men (inclading widowers), from 20 to 25 years old, 626 die in the 
coarse of each year ; while out of a similar number of unmarried men, 
l^tween the same ages, no less than 1,231 die in each year. And in 
like manner all the other lines of the table are to be interpreted. 

Commenting on the evidence supplied by the above figures, Dr. 
Stark stated that '' bachelorhood is more destructive to life than the 
most unwholesome trades, or than residence in an unwholesome house 
or district, where there has never been the most distant attempt at 
sanitary improvement of any kind." And this view has been very 
generally accepted, not only by the public, but by professed statis- 
ticians. Yet, as a matter of fact, we believe that no such inferences 
can legitimately be drawn from the above table. Dr. Stark appears 
to us to have fallen into the mistake, which M. Quetelet tells us is so 
common, of trying to make his statistics carry more weight than they 
are capable of baring. It is important that the matter should be 
put in a just light, for the Royal Commission on the Law of Marriage 
has revved no more striking fact than that of the prevalence of 
immature marriages, and such reasoning as Dr. Stark's certainly 
cannot tend to discourage these unwise alliances. If death strikes 
down in five years only half as many of those who are married as of 
those who are unmarried between the age of 20 and 25 (as appears 
from the above table), and if the proportion of deaths between the 
two classes goes on continually diminishing in each successive lustre 
(as is also shown by the above table), it seems reasonable to infer 
that the death-rate would be even more strikingly disproportionate in 
the case of persons between the ages of 15 and 20 than in the case of 
persons between the ages of 20 and 25. We believe, indeed, that if 
Dr. Stark had extended his table to include the former a^es, the 
result would have been such as we have indicated. Yet few will 
suppose that such very youthful marriages can exercise so singularly 
beneficial an effect. 

To many Dr. Stark's conclusion may appear to be a natural and 
obvious sequitur from the evidence upon which it is founded. Ad- 
mitting the facts, — and we see no reason for doubting them, — ^it may 
appear at first sight that we are bound to accept the conclusion that 
matrimony is favourable to longevity. Yet the consideration of a 
few pandlel cases will sufiice to show how small a foundation the 
figures we have quoted supply for such a conclusion. What would be 
thought, for example, of any of the following inferences? — Among 
hothouse plants there is observed a greater variety and brilliancy of 
colour than among those which are kept in the open air, therefore the 
housing of plants conduces to the splendour of their colouring. Or, 
i^in — The average height of life-guardsmen is greater than that of 
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the rest of the male popuktion, therefore to be a life-guardsman 
conduces to tallness of stature. Or, to take an example still more 
closely illustrative of Dr. Stark's reasoning — ^The average longevitjr 
of noblemen exceeds that of untitled persons, therefore, to have a title 
is conducive to longevity. ^ 

We know that the inference is absurd in each of the above 
instances, and we are able at once to show where the flaw in the 
reasoning lies. We know that splendid flowers are more commonly 
selected for housing, and that life-guardsmen are chosen for their 
tallness, so that we are prevented from falling into the mistake of 
ascribing splendour of colour in the one instance, or tallness in the 
other, to the influence of causes which have nothing whatever to do 
with those attributes ; nor is any one likely to ascribe the longevity 
of our nobility to the possession of a title. Yet there is nothing in 
any one of the above inferences which is in reality more unsound than 
Dr. Stark's inference from the mortality bills, when the latter are 
considered with due reference to the principles of interpretation which 
statisticians are bound to follow. 

The fact is, that in dealing with statistics, the utmost care is 
required in order that our inferences may not be pushed beyond the 
evidence afforded by our facts. In the present instance, we have 
simply to deal with the fact that the death-rate of unmarried men is 
higher than the death-rate of married men and widowers. From this 
fact we cannot reason, as Dr. Stark has done, to a simple conclusion. 
All that we can do is to show that one of three conclusions must be 
adopted. Either matrimony is favourable (directly or indirectly) to 
longevity, in a degree sufficient wholly to account for the observed 
peculiarity ; or a principle of selecfcion — ^the effect of which is such 
as, on the whole, to fill the ranks of married men from among the 
healthier and stronger portion of the community — operates in a 
sufficient degree to account wholly for the observed death-rates ; or, 
lastly, the observed death-rates are due to the combination, in some 
unknown proportion, of the two causes just mentioned. 

No reasonable doubt can exist, as it seems to us, that the third 
is the true conclusion to be drawn from the evidence supplied by the 
mortality bills. Unfortunately, the conclusion thus deduced is almost 
valueless, because we are left wholly in doubt as to the proportion 
which subsists between the effects to be ascribed to the two causes 
thus shown to be in operation. It scarcely required the evidence of 
statistics to prove that each cause must operate to some extent. It 
is perfectly obvious, on the one hand, that although hundreds of men 
who would be held by insurance companies to be "bad lives" may 
contract marriage, yet on the whole a principle of selection is in 
operation which must tend to bring the healthier portion of the male 
community into the ranks of the married, and to leave the unhealthier 
in the state of bachelorhood. A little consideration will show also 
that, on the whole, the members of the less healthy trades, very poor 
persons, habitual drunkards, and others whose prospects of long life 
are unfavourable, must (on the average of a large number) be more 
likely to remain unmarried than those more favourably situated. 
Another fact drawn from the Registrar-General's returns suffices to 
"■"' *he influence of poverty on the marriage-rate. We refer to the 
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hd that marriages are invariably more numerous in seasons of 
prosperity than at other times. Improvident marriages are un- 
doubtedly namerous, but prosperity and adversity have their influence, 
and that inflaenee not unimportant, on the marriage returns. On 
the other hand, it is perfectly obvious that the life of a married man 
is likely to be more favourable to longevity than that of a bachelor. 
The mere fact that a man has a wife and family depending upon him 
wiU suffice to render him more careful of his health, less ready to 
undertake dangerous employments, and so on ; and there are other 
reasons which will occur to everyone for considering the life of a 
married man better (in the sense of the insurance companies) than 
that of a bachelor. In fact, while we are compelled to reject 
Dr. Stark's statement above quoted, we may safely accept his opinion 
that statistics " prove the truth of one of the first natural laws 
revealed to man — ' It is not good that man should live alone.' " * 



Dr. William Robektson^ Superintendent of Statistics in 
Begistrar-GeneraPs Department^ Scotland^ has favored us with 
the following remarks on the subject of Dr. Stark's papers : — 

It seems certain that during the two quinquenniads 30--35 and 
35-40, the force of mortality is greater among the t^nmarried than 
among the married women of Scotland. At these periods of life the 
number of " primiperae" is comparatively small, and therefore the risk 
from child-bearing causes is perhaps at a minimum among the married 
females. But a great many illegitimate children are borne at these 
periods by the unmarried, as may be seen by reference to Table XXV 
at page Ixix of the second volume of the Scottish Census of 1871. I 
have an impression that these illegitimate births must be followed by 
a higher proportion of deaths among the mothers than would follow 
a like number of legitimate deliveries. 

In explanation of the admittedly higher rate of mortality among 
married females who have arrived at the {period of life when pregnancy 
\b comparatively rare, I may refer to the doctrine, which I first 
learned from my late preceptor. Professor James Hamilton, of 
Edinburgh, and which I have likewise heard from Sir James 
Simpson, the late Dr. Samuel Fagan, and Dr. M. Duncan — namely, 
that such women as have borne a large number of children encounter 
considerable danger towards the end of their child-bearing life. 
Many of them are afiected with "prolapsus uteri", with " pendulous 
belly", or with other local complaints that may interfere with the 
process of delivery. Not a few must be presumed to have suffered 
in strength in the course of repeated pregnancies and nursings, 
and to have become likely subjects for some of the diseases apt to 
prove fatal after parturition, as if precipitated by the process of 

* It seems to us that the statistics give no more support to this unquestion- 
ably true statement, than they do to the very questionable statement as to the 
destmctive tendencies of bachelorhood ; in fact, they seem to give precisely the 
tame support to the one as to the other. — £d. J,LA, 
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deliTery. I haTe even lieard it said, and certainly wiih some show 
of probability, that females who have had very many children are 
more apt than others to suffer from aterme haemorrhage ; because a 
large part of the whole internal surface of the uterus has at yarious 
times had placenta attached to it, and is likely to have suffered in 
consequence, giving rise to such serious conditions as ''placenta 
pnevia", " adherent placenta", &c,, in after-pregnancies. 

Dr. Stark's contributions to the statistics of the relative mor- 
talities of married and of unmarried men are quite original, and 
certainly very curious. Of course, it is quite plain that a vast 
proportion of all males who in early life are crippled, maimed, infirm, 
lunatic, drunken, filthy, dissipated, extrayagant, criminal, paupers or 
miserably poor, hideously unattractive, or who follow occupations 
hostile to matrimony, — such as the military profession, with peculiar 
risks to life, — ^must necessarily belong, for the most part, to the «n- 
married class. And those with whom the business of life has been a 
failure, or whose physical or mental powers have suffered from 
laborious occupations during their early bachelor days, are not 
likely to become Benedicts in their later years, even were they so 
fortunate as to fall in with complaisant-enough Beatrices. Such 
" malheureux ", of course, die at all ages in higher ratio than the 
married of corresponding ages. 

Whether these and similar considerations suffice to explain the 
statistically-suggested advantages of matrimony, it would be imper- 
tinent in a bachelor dogmatically to assert. I have, however, a strong 
impression that they do not afford a sufficient explanation, — that the 
married life is conducive in a more direct way to longevity, were it 
only by the circumstance that it encourages and forms habits of 
regularity, providei^ce, and striving after respectability — matters 
about which too many poor bachelors are not over-solicitous. Beyond 
all question (although there may be Lady Macbetbs), the influence of 
the wife upon the husband is, as a general rule, Jbr his good ; and 
the affectionate care of a wife and family often supports a husband in 
sickness, or averts its invasion. 

This tribute to the fair sex will be read with the greater 
interest as coming from a confirmed old bachelor. — ^Ed. J.LA. 



Married Women^s Policies of Assurance {Scotland) Act, 1880. 

43 & 44 Vict. Chaptee 26. 

An Act to extend to Scotland the Facilities for effecting 
Policies of Assurance for the Benefit of Married 
Women and Children now in force in England and 
Ireland. [26th August 1880.] 

88 A 84 Vict Whereas by the Married Women's Property Act, 
c. M. 1870, increased facilities are given for effecting policies of 

assurance for the benefit of married women and children 

in England and Ireland : 
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And whereas it is expedient that sach increased facili- 
ties for effecting policies of assurance for the benefit of 
married women and children should be extended to Scot- 
land: 

Be it therefore enacted by the Queen's most Excellent 
Majesty, by and with the adyice and consent of the Lords 
Spiritoal and Temporal, and CJommons, in this present 
Ru'lianoent assembled, and by the authority of the same, 
as follows : 

1. A married woman may effect a policy of assurance, Married 
on her own life or on the life of her husband, for her ^^^poUcy 
separate use; and the same and all benefit thereof, if ofanannM 
expressed to be for her separate use, shall, immediately on separate nae. 
being so efPected, vest in her, and shall be payable to her, 
and her heirs, executors, and assignees, excluding the jus 
mariti and right of adminiBtration of her husband, and 
skaHl be assignable by her either inter yivos or mortis 
causa without consent of her husband ; and the contract 
in such policy shall be as valid and effectual as if made 
witii an unmarried woman. 

8. A policy of assurance effected by any married man Fouoy of 
on his own life, and expressed upon the face of it to be ^^'^S^T 
for the benefit of his wife, or of his children, or of his wife *"y*I*?r,J^* 
and children, shall, together with all benefit thereof, be "^ 
deemed a tmist for the benefit of his wife for her separate 
use, or for the benefit of his children, or for the benefit of 
his wife and children ; and such policy, immediately on 
its being so effected, shall vest in him and his legal repre- 
sentatives in trust for the purpose or purposes so expressed, 
or in any trustee nominated in the policy, or appointed by 
separate writing duly intimated to the assurance office, 
but in trust always as aforesaid, and shall not otherwise 
be subject to his control, or form part of his estate, or be 
liable to the diligence of his creditors, or be revocable as 
a donation, or reducible on any ground of excess or insol- 
vency: And the receipt of such trustee for the sums 
secured by the policy, or for the value thereof, in whole 
or in part, shall be a sufficient and effectual discharge to 
the assurance office : Provided always, that if it shall be 
proved that the policy was effected and premiums thereon 
paid with intent to defraud creditors, or if the person 
upon whose life the policy is effected shall be made bank- 
rupt vrithin two years from the date of such policy, it 
shall be competent to the creditors to claim repayment of 
the premiums so paid from the trustee of the policy out 
of the proceeds thereof. 

3. This Act shall apply only to Scotland, and may be AppUcation 
cited as the Married Women's Policies of Assurance S? a^J*^'* ***** 
(Scotland) Act, 1880. 

By this short Act^ which was prepared and promoted by the 
Association of Managers of the Scottish Life Offices^ and the 

▼OL. ZZIII. B 
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passing of which, in a peculiarly busy session of Parliament, is 
mainly due to the tact and perseverance of Mr. W. Holms, M.P. 
for Paisley, persons resident in Scotland obtain the facilities for 
effecting settlement policies which were granted by the Married 
Women's Property Act, 1870, to persons under English law. 

We have been favored with the following notes by Mr. Wm. C. 
Smith, Advocate, Edinburgh, who was of counsel for the Offices 
in revising and settling the terms of the Act : — 

The tendency of recent legislation has been to introduce to 
Scotland the whole provisions of the English Act (as in the Scotch 
Act of 1877 giving married women a right to personal earnings), 
but the present Act is very judiciously confined to the question of 
life assurance. 

The first section is the less important. It professes to enable 
a married woman to effect a policy for her separate use. It seems 
probable that she could do this without the help of the Act in 
cases where she had separate estate from which she could pay the 
premiums. But this was at least doubtful, and it is now made 
certain by the Act, not only that she is capable of making such a 
contract without consent of her husband, but that the sum due 
under a policy for separate use, belongs to the married woman or 
her estate. In other cases, where the married woman has no 
separate estate, it is unlikely that the first section of the Act will 
frequently be made use of, because the husband will more probably 
avail himself of the provisions of the second section. If a policy 
were effected in the name of the wife under the first section, the 
husband supplying the premiums, it may be that, as under the 
second section, the husband would have no power to revoke ; but 
this is not certain. 

The second section is the really important one, and will 
probably be largely used. It provides for such a form of poUcy 
as will constitute an irrevocable trust in favour of the family of 
the assured. The wife ought to be named and the children 
named or described in the policy ; and if that is done, no question 
can rise, as has been suggested, with regard to the right of a 
second wife or a second family to take the proceeds of the policy. 
Of course, if wife and children pre- decease the assured, the right 
will return to him, and he may assign it or dispose of it by 
will. Where a trustee is not appointed, the money is held in 
trust by the legal representative free from the claims of creditors. 
This will no doubt prevent in future the occurrence of many 
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■emnB eases of disappointment^ in wliicli parties ha^ troated to 
the common law rdating to reasonable provisions given by 
husbands to wives and families, and in which a sequestration has 
left the wife and family quite unprovided for. The appointment 
of a trustee, if not in the policy, requires to be intimated to the 
sssurance office. The Act does not state what ''due'' intimation 
means, bat it would have been impossible, by laying down an 
invariable rule on this subject, to prevent questions arising as to 
whether or not the legal representative should join in the discharge 
by the tmstee. The section is framed so as to protect the policy 
against the Scotch law of bankruptcy and of donations between 
spouses. In the excepted cases, namely, (1) where there has been 
intent to defraud creditors, and (2) where bankruptcy occurs 
within two years from the date of the policy, the proceeds of 
the policy do not belong to the creditors of the bankrupt or 
firandulent insurer; but these are merely entitled to claim the 
repayment of the premiums. 

The Act makes no provision for the substitution of new 
policies for those already existing, the holders of which desire to 
bring them under the provisions of the Act. The most obvious 
and safest method of such substitution would no doubt be the 
issue of new policies, though it is quite possible that an indorse- 
ment or memorandum on an existing policy would have the same 
legal eflect. But it would of course be impossible, by any such 
endorsement, to prevent questions arising with regard to rights 
of creditors accrued before the passing of the Act. 



The following remarks on the subject appeared in the Scotsman 
of 30 August last. 

The really important feature of the new legislation is, that the 
assoranoes made in favour of the family will not he liable to be 
taken back by the caprice of the husband, and should he become 
bankrupt or insolvent, his creditors will be unable to claim any 
interest in the policy, unless, indeed, it should appear that the 
assurance has been made for the purpose of defrauding creditors. 
Formerly, it too often happened that a sequestration carried ofE the 
little fund to which a man was trusting for the protection of his wife 
and children in evil times ; and even where the whole fund was not 
swept away, a Court of Justice might be asked to say how much of 
it was a reasonable provision to the family, and how much was in 
excess or irrational, and must therefore go to the creditors. The 
Act will make it possible to escape these unpleasant contingencies 
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52 Home and Foreign InielUgenee, [July 

by rerj simple meansy and it will tiras gire peace and security to 
domestic arrangements. 

The question of the exclusion of the husband's right to recall 
a gift which he has made in this way to his wife is a more delicate 
one. The existing law of Scotland on the subject is, that all gifts 
by one spouse to the other may be recalled. The reasons given for 
this law are of a strange and contradictory character. The first 
reason is romantic — *' lest either of the two spouses should, by 
ill-judged testimonies of their affection, undo themselves or their 
families," so that, apparently, it is necessary to discourage such 
gifts. The second reason is cynical — namely, that if one spouse 
asked the other for a gift and were refused, this refusal would '* stop 
and quench mutual love between them;" so that such gifts are not 
prohibited, but permitted in a worthless form, or under conditions 
that may destroy their value. There is not much danger now-a-days 
of ruinous profusion between spouses, and it is, perhaps, better that 
a man should make up his mind once for all what he is going to do 
with his money. Whether or not the general principles of the old 
law will stand the test of modem criticism, the new Act seems to 
provide one simple means by which, if used, a man desiring to make 
a safe provision for his family may so far protect himself and them 
against his own caprice. No doubt, from the peculiar nature of an 
assurance policy, the provision may be destroyed if the husband 
ceases to pay the premium. But even here, if the Act is effectual 
to any extent whatever, the surrender or purchase value of the policy 
would belong to the wife and children. 
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The Madras Equitable Assurance Society. 

JUAVING received from Mr. A. H. Bailey some of the publica- 
tions of this Society, we extract therefrom the following informa- 
tion, which we believe will be interesting to our readers. 

The Society is mutual, the members being all persons who 
bold policies of assurance, either on their own lives or on tbe lives 
of other parties, for the duration of life. 

Claims are paid immediately on the casualty being proved to 
tbe satisfaction of the directors. An official notice of death in 
any of Her Majesty's Government Gazettes is a sufficient proof of 
death. 

Life policies can be surrendered when three years' premiums 
have been paid. 

Premiums can be paid in London at a fixed exchange of 2^. 
per rupee, and payment of death claims received there at the 
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enrrent exchange on Madras. Renewal premiums are payable 
half-yearly^ on 1 January and 1 July. 

The funds of the Society not required for current purposes 
must be invested in securities of the Government of India^ 
or in securities the interest on which is guaranteed by the 
Government of India or by the Secretary of State for India in 
Council. 

Assurances may be granted on the lives of Europeans^ East 
Indians^ Eurasians^ and Farsees. 

No policy is issued for a less sum than £50,* or for a larger 
sum than i£3^000^ on any one life. 

The following reduced scale of whole-term premiums came 
into force on 1 January 1871. No provision appears to be made 
for reduction of the premium in the event of the life assured 
residing permanently in a temperate climate. 



Table of Yearly Fremium of Assurance of One Thousand Bupees, 
payable Malfyearly, on 1st January and 1st July, for JOife, 



with participation 


i in Surpluses, 










Age next 
Birthdsy. 


1 

ClTiL 


MUitary 

and 
NayaL 


Age next 
Birthday. 


civa 


Military 

and 
NavaL 


Age next 
Birthday. 


Civil. 


mutary 

and 
NavaL 




Rs. 


Ba. 




Bs. 


Ba, 




Rfl. 


B8. 


18 


38 


43 


33 


45 


50 


47 


59 


64 


19 


38 


43 


34 


45 


50 


48 


60 


65 


20 


38 


43 


35 


46 


51 


49 


61 


66 


21 


39 


44 


36 


47 


52 


50 


63 


68 


22 


39 


44 


37 


48 


53 


51 


64 


69 


23 


39 


44 


38 


48 


53 


52 


66 


71 


24 


40 


45 


39 


49 


54 


53 


68 


73 


25 


40 


45 


40 


50 


55 


54 


70 


75 


26 


41 


46 


41 


51 


56 


55 


72 


77 


27 


41 


46 


42 


52 


57 


56 


73 


78 


28 


42 


47 


43 


54 


59 


57 


76 


81 


29 


42 


47 


44 


55 


60 


58 


79 


84 


30 


43 


48 


45 


56 


61 


59 


82 


87 


81 


43 


48 


46 


57 


62 


60 


85 


90 


32 


44 


49 















Policies are also granted for terms of years without partici- 
pation in surpluses. 

The following table is taken from the report for 1880 : — 



* In thitf reprint rapees have been converted into pounds sterling at the rate 
of 2ff. per mpee. 
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Policies snbtisting 
Bl December 1879. 



"6 3 



I 






Granted. 



I 
"3 

£ 



a 



Beviyed. 



8 

> I 



I 



Voided. 



Policies subalatiiig 
SI December 1880. 



S 
"S 



s 

3 






;:3 



Life, Fixed Bates 
of Premiums . 

Life, Annually in- 
creasinf Rates . 

Tenni of Tears . 



637 

45 
15 



697 



400 



1,840 29 



S40^ 



16,017 
10,800 



367,157 



29 



17,300 
None 



24 



17,800 



2 



900 

None 
None 



135 

1 
5 



900 



41 



25 



H9e0 63d 



820 

4,760 



44 
10 



20,080 687 491 
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844^060 

15,697 
5,550 



865,327 



It farther appears from the r^oit that the voided policies 
included — 

ClaimBj £7,080^ assured by 20 policies on 1 1 lives ; surrenders^ 
£4^600; lapses^ £4^850; term expired^ ^£3,500. 

From the same report it appears that the total expenses are 
10*66 per-cent of the gross premiums^ the principal item being a 
payment of 5 per-cent on the gross premiums to the secretaries 
and treasurers for office allowance and commission. 

Quinquennial valuations are to be made by the actuary of an 
assurance office in London^ having a duration of not less than 
30 years. 

The two last valuations^ for the quinquennial periods ending 
81 December 1875 and 1880^ have been made by Mr. Bailey. 

On 10 May 1876 he rep(Hi;ed as follows :— ^ 

Sinc6 the last quinauennial valuation of your Society was made, 
much discussion has taken place on the subject of tiie mortality of 
Europeans in India ; indeed it may be said that a controversy has 
arisen on the question. On the one hand it has been asserted with 
some confidence, but with no evidence in support of the assertion, 
that there is no material difference between the mortality of Europe 
and India. To this it was answered that the carefully compiled 
statistics of the Funds of the East India Company, prove the 
contrazy ; showing, as they do, that the rate of moitality among 
Indian civilians has been much greater than that experienced by 
the Life Assurance Companies of Great Britain, and that the excess 
is still more marked among the Military Officers. To this it was 
rejoined that the experience of these Funds is spread over a long 
period of time, going back, in some cases, to last century ; that a 
great change in tiie habits of Europeans in India has taken place of 
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fate years ; and that therefore the experience of past generations 
is inapplicahle at the present time. It cannot be oenied that these 
oonsiiderations are entitled to due weight; the eyidence certainly 
goes to prove that an improTement has taken pkce in the mortalily 
of Europeans in India. I think it is well worth yonr while to 
coosider whether the experience of your own Society should not be 
ascertained. Tour records must contain a number of facts which 
would throw some light upon the question. 

Under these eircumsl^inces it seemed to me that at all erents 
the time had arriyed for dispensing with the table of mortality 
used in the three last valuations ; which was based on a combination 
of tiie experience of the Bengal and Madras Military Funds, and 
substitutiiig more recent iDtelligence. After a good deal of enquiry 
and consideration, I came to the conclusion that the mortality 
experience of the adult male subscribers to the Uncovenanted Service 
Fund of Bengal, which was published by Mr. A. J. Finlaison in 
1874, would afford the best available basis for the valuation of the 
liabilities of your Society. The period embraced in these observations 
extends from 1837 to 1872; the number of subscribers was 1,964, 
all of whom underwent medical examination before admission. Of 
these 436 died, 537 quitted the Society, and 991 were alive at the 
close of the observations. It will be observed that this is the 
experience of recent times ; the numbers are, I think, sufficient for 
the purpose ; and it may be reasonably considered that the mortality 
among such a body as this would fairly represent that likely to 
prevail in your Society; and therefore, with some exceptions at 
particular periods of life where, the numbers being small, other 
statistics were made available, this experience has been made the 
basis of the present valuation. 

The next question is as to the rate of interest to be adopted, 
your remarks on which have been well considered. The laws of 
your Society require that its funds should be invested in Indian 
Oovemment Securities exclusively, and these, as you point out, 
yield at the present time a rate of interest slightly under 4 per-cent. 
The Life Assurance Companies of this country for many vears past 
have succeeded in obtaining a higher rate of interest on their funds 
than 4 per-cent ; 4ii per-cent is probably about the average, and it 
is not easy to understand why the rate of interest should be lower 
in India than in England. The explanatipn is, that here a small 
portion only of the assets of life assurance companies is invested 
m GK>vemment securities. It is well understood that one great 
advantage of such securities, their ready convertibility, the life 
assurance companies do not want. . Unlike banks and other com- 
mercial undertakings, they are never exposed to sudden demands 
upon their resources ; and therefore the greater part of their assets 
may be safely invested for long periods of time; and in life assurance 
finance the importance of improving the funds to the best advantage 
is so gpreat, that I cannot help suggesting for your consideration 
the expediency of modifying this rule regarding investments. 
Meantime it may be pointed out that your Society derives, and for 
some time will continue to derive, a special advani»ge in the matter 
of interest, inasmuch as the Genend Fund has credit for the interest 
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not only of its own investments, but also for those of the Guarantee 
Fund. The effect of this was last year that the interest exceeded 5 per- 
cent of the amount of the General Fund. So that, taking into account 
your past experience, present circumstances, and future prospects, 
it seems to me that 4 per-cent is the proper rate of interest at which 
the liabilities should be valued ; and that to adopt a lower rate would 
be both unnecessary and undesirable. I have therefore prepared for 
the present valuation an entirely new set of monetary tables, based 
on the mortality experience already described and at 4 per-cent 
interest. 

With this preliminary explanation I proceed to the actual affairs 
of the Society. 

On 81 December 1870, the date of the last valuation, the 

amount of the General Fund was .... £88^9*4 

Add receipts during the quinquennium from 

gross premiums £97,701-8 

Interest less reduction in value of securities . 26,790*7 

Ouarantee Fund 440*8 

123,938-3 

212,292-7 
Deduct for — 

Claims 49,906-0 

Surrenders 1,180*6 

Reductions of premium .... 84,928-3 
Expenses 11,171*7 

97,185-7 

General Fund 81 December 1875 £115,107-0 

The liabilities under policies in force at the same date were as 
follows : — 



Number. 


ClMW of Risk. 


BumAasored. 


Premitiin. 


579 
59 
28 


Life, fixed rate 

Life, annually increasing 

Terms of years 


£ 
314,090-0 
22,8870 
16,990-0 


£ 
16,731-6 
2,321-8 
646-9 


666 


Total . 


853,917-0 


19,700-8 



For each of these policies a separate calculation was first made, 
of the premium which, according to the rates of mortality and interest 
assumed for the valuation, would be just sufficient for the risk. 

The difference between the premiums payable and the premiums 
thus computed, sometimes called the * loading", was then ascertained, 
the present value computed, and the amount thus determined (which 
is equal to 33*7 per-cent of the gross premiums) reserved to provide 
for future expenses, profits, and contingencies. In this way care has 
been taken not to anticipate future profits. 

Particulars of the valuation can be given in any detail that may 
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be deBired ; the following summarj of the general result will probably 
boweyer be sufficient : — 

Value of sams aMored whole life fixed piemiam . . £175,026'5 

Y&liie of sums assured annnallj uicreasiDg premium 15,411*0 

190,437-6 



Value of future premiums whole life fixed premium £188,104*8 
Value of future premiums annually increasing 20,960*3 

209,065*1 

Less Taloe of loading 73,767*7 

135,297*4 

55,140*1 
Beserre for short term polides 323*5 

Total estimated liability £65,463*6 

and the General Fnnd being £115,107*0, the amount of the apparent 
surplus is £59,643-4. 

Of this sum I recommend that £51,052*2 should be appropriated 
for diTision on the present occasion. This would be equivalent to 
65 per-cent on £78,540*8, which has been the amount paid in 
premium during the quinquennium on the participating policies in 
force at its close, and would yield an abatement of piemium for the 
current five years at the rate of 65 per-cent for policies of five years* 
standing, with a lesser proportionate abatement for the more recent 
policies. In making this recommendation I do not overlook the 
circumstance that a balance remains in hand out of the sum appro- 
priated for division five years ago. This is a necessary consequence 
of the method of dividing the surplus prescribed by the Regulating 
Act, and which was deliberately adopted as a measure of precaution. 
It must not be forgotten that some portion of the surplus arises from 
the Guarantee Fund, a source of profit which is exceptional and 
gradually wearing out. And in a Mutual Society it is prudent to 
leave some profit unappropriated, there being no proprietary capital 
to fall back upon in case of need. 

And on 20 April 1881 he reported : — 

Not much addition has been made during the last five years to 
the general stock of information on the subject of the mor^itv of 
Europeans in India; but the question is by no means free from 
difficulty. The results of different investigations, all based upon 
apparently trustworthy statistics, exhibit some inconsistencies which 
are not easy to explain. And while no one now contends that the 
rates of mortality in India and England are identical, the general 
feeling seems to be among those who pay attention to these subjects 
that the time has not yet arrived for forming an entirely trustworthy 
table of Anglo-Indian mortality. Under these circumstances I turned 
to the facts derived in 1877 from the experience of your own Society. 
Valuable and interesting as these materials are, the facts in my judg- 
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ment are too few for the formation of monetarj tables to be used for a 
yaluation. But taking the interval between the ages of 20 and 50, 
probably the chief period of life in which Europeans reside in India, 
I find that the general rate of mortalitj experienced in jour Society, 
coincides almost exactly with that of the Uncovenanted Service Fund, 
which formed the basis of the table of mortality adopted for the last 
yaluation. I haye therefoiB decided to use the same table on the 
present occasion. 

The rate of interest realized by the General Fund during the last 
fiye years has been as follows : — 



In 1876 


5-308 or veiy neariy 6A per-cent 


,. 1877 . 


5089 „ 5A ». 


„ 1878 


. 5-537 „ 5i 


„ 1879 


. 4-780 ., 41 - 


,,1880 . . 


. . 4-896 „ 4J 



Part of this arises from the interest of the Guarantee Fund, 
which is slowly but steadily diminishing, for which the General Fund 
has credit. On this account therefore the rate must be expected to 
diminish somewhat in future. But although opinions differ as to 
the general rate of interest that may be expected to prevail in future, 
it seems to me that in the circumstances of your Society, there can 
be no reason for anticipating that the rate will fall below 4 per-cent 
ia any period of time to which it is needful to look forward. And 
accordingly 4 per-cent is the rate that has been assumed in the 
yaluation. 

By the abstract of the accounts of the General Fund for the five 
years under review with which you have furnished me, it appears 
that during that period the annual premiums have averaged 
£20,502*2, and the annual claims £11,190. The percentage of the 
expenses of management on the premium income has been 11*2 ; and 
the General Fund has increased from £115,107 on 31 December 1875 
to £138,889*4 on 31 December 1880. 

The liabilities at the latter date were as follows : — 

P^lcios^ Oam. BamMfliiTed. Annual premium. 

633 ' . Life, fixed rate . . £344/>80 . £18,155*7 

44 . Life, annually increasing 15,697 . 1,806*6 

10 . Terms of yean . . 6,550 . 218*8 

687 £365,327 . £20,180-6 

A valuation of these liabilities has been made in the manner explained 
in the Keport of 1876. 

For tne whole life policies at a fixed rate of premium, which 
comprise upwards of 94 per-cent of the whole amount of the risks, 
a separate calculation has been made for each policy of the amount 
of premium which would suffice to provide for the risks according to 
the rates of mortality and interest adopted. The total of these 
amounts is £11,987*5. Deducting this from the premiums actually 
payable, a margin is left of £6,168*2, very nearly 34 per-cent, the 
present value of which has been reserved for future expenses, con* 
tingeucies, and surplus. 
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Exhibit of Policies, 



NEW YORK COMPANIES. 



Name of Oomponj. 



Biooklyn 
Equitable 



Home 

HomoDopathtc 
M&nhattan . 
M e tr o p o litan 
Mutual 
Ketr York . 
Provident Savings 
United States 
Washington 



Policies 

in force 

31 Dec. 

1879. 



3^58 

48,048 

19,657 

7,424 

2,261 

11,416 

7,680 

95,423 

45,705 

1,077 

9,711 

10,139 



Totals .... 
Totals 1879 (12 companies) 



261,799 

258,706 



Policies 

in force 

31 Dec. 

1880. 



8,259 

52,272 

20,189 

7,467 

2,331 

11,351 

6,895 

97,978 

48,548 

2,243 

9,428 

11,076 



273,037 
261,799 



Insurance in 

force 
31 Dec. 1879. 



£1,263,293 

32,471,543 

6,539,199 

2,861,693 

657,853 

6,666,524 

2,230,070 

59,752,173 

25,483,552 

441,406 

3,472.541 

4,289,455 



£146,129,302 
144,340,978 



Insurance in 

force 
81 Dec. 1880. 



£1,223,137 

35,519,541 

6,777,104 

2,869,613 

630,119 

6,521,625 

2,012,696 

61,200,433 

27,145,383 

585,542 

3,371,353 

4^690,354 



£152,546,900 
146,129,700 



COMPANI^ OF OTHER STATES. 



Etna, Conn. 
BerksMre, Mass. 
Coniiecticnt General, Conn. 
Connecticat Mntnal, Conn. 
John Hancock Mutual, Mass. 
Maasachnsetts Mutual, Mass. 
Mutual Benefit, N.J. . 
National, Yt. 
National (U.S.A.) 111. . 
New £ngland Mutual, Mass. 
North' Western Mutual, Wis. 
Penn. Mutual, Penn. . 
Phoenix Mutual, Conn. 
Provident Life and Trust, Penn 
State Mutual, Mass. . 
Trarelers'y Conn. 
Union Central, Oliio . 
Union Mutual, Me. 



Totab other-state companies . 
Totals 1879 (19 companies) . 



1 

56,252 


56,651 


5,373 


5,582 


3,417 


3,530 


64,504 


64,343 


6,365 


6,039 


18,065 


13,176 


42,286 


44,350 


4,032 


4,295 


7,931 


6,994 


18,750 


18,967 


33,066 


34,172 


11,189 


12,234 


22,672 


21,544 


7,357 


8,202 


4,650 


4,731 


11,352 


11,914 


4,276 


4,801 


14,915 


14,120 


331,452 


335,644 


337,042 


333,687 



£15,647,608 
2,291,727 
1,067,350 

32,917,026 
2,384,643 
5,755,429 

23,544,049 
1,661,210 
2,854,430 

11,007,897 

12,389,778 
5,935,607 
7,017,710 
4,497,259 
1,947,302 
3,636,426 
1,493,224 
5,339,474 



£15,590,3&i 
2,386,006 
1,079,989 

32,421,073 
2,195,717 
5,856,138 

24,293,396 
1,743,489 
2,348,986 

11,229,725 

12,993,416 
6,321,713 
6,523,217 
5,151,090 
2,022,587 
3,819,728 
1,669,130 
5,007,372 



£141^288.048 
145,391,503 



£142,652,135 
141,862,633 



INDUSTRIAL POLICIES IN FORCE NOT INCLUDED ABOVE. 

Number. 

Metropolitan, New York 110,193 

Prudential, Newark 87,462 

John Hancock, Boston 30,702 

Germania, New York 7,841 

Pnmdent Savings, New York 476 

Totals 236,674 



Amount. 

£1,820,774 

1,469,578 

627,804 

178,099 

10,439 

£4,106,694 



8» 
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OOBRBSPONDENOB. 



ON THE EELATION BETWEEN THE HEIGHT AND WEIGHT 

OF MEN. 

To the Editor of the Jowmal of the Institute qf Actuaries. 

Sib, — The following statistics regarding the weight of the human 
hodj, and the effect wMch various influences have on it, may he inte- 
resting to jour readers. They are founded on 2,000 cases taken from 
the records of a Canadian life company. This numher was chosen as 
sufficient to give reliahle results, without increasing needlessly the 
amount of lahour. 

Although I am acquainted with several tables purporting to show 
the average weight corresponding to various heights, I have been 
unable to find on what basis any one of them rests. Some differ very 
greatly from others. It thus became a question by what table should 
a company be guided. To solve the matter I made an investigation, 
and give herewith the results, with very slight adjustment. Only 
healthy English-speaking lives were included. 

Average Weight at various Seighte, 



Height. 


Weight 


Height 


Weight 




lbs. 8t. IbB. 




11)8. 8t lbs. 


6 ft 1 in. 


125- - 8 13- 


6 ft 7 in. 


145-5-10 5*5 


6 ,. 2 „ 


128* - 9 2* 


6 » 8 „ 


151- -10 11« 


6 »» 8 „ 


131- - 9 6- 


5 „ 9 „ 


156-5-11 2-5 


6 #» 4i w 


134* - 9 8* 


6 ,. 10 „ 


161-5-11 7-6 


6 *» 6 » 


137-6- 9 11-6 


6 „ 11 „ 


167- -11 13- 


6 w 6 » 


141- -10 1- 


6 „ „ 


173- -12 6- 



The average height of adult Canadians of British extraction was 
found to be 5 feet 8*6 inches, and their average weight 155*0 lbs. 
The French oases were kept separate, and their average height was 
found to be 5 feet 7-3 inches, and their weight 149-9 lbs. French 
Canadians are, therefore, as a rule, about one and one-third inches 
under the English standard in height, and five pounds under it in 
weight. They are, however, generally heavier than English people of 
the same height. 

The declined lives were also kept separate. Taking into consi- 
deration only those cases in which the cause of rejection was a 
tendency to lung disease of any kind, whether manifested in the 
applicant personally or 'in his family history, it was seen that, 
although their average height was exactly the same as that of the 
healthy cases, their average weight was only 147*6 lbs. — about seven 
and one-half pounds imder the healthy standard. Some such result 
was expected, and it but confirms the rule that light weight generally 
accompanies a consumptive tendency. The other rejected cases 
exhibited nothing remarkable. 



1881.3 Selation between HeipU und Weight of Men. 

The influence of age is confldderabley as may be seen from the 
fioDowing table : — 

Weight at various Ages. 



Ages. 


Weight 


Ag«8. 


Weight 




lbs. St. nn. 




lbs. St lbs. 


16 to 20 


142-5-10 2-5 


41 to 45 


159*2-11 5-2 


21 „ 26 


140-6-10 9-6 


46 „ 50 


163*5-11 9-5 


26 „ SO 


151-3-10 11-3 


61 „ 55 


167-7-11 13-7 


31 „ 35 


167-3-11 3-3 


56„60 


172*4-12 4*4 


36 „40 


158-2-11 4*2 







The weight of healthy persons thus increases about thirty pounds 
in forty years, or about three-fourths of a pound for each year. By 
&r the largest increase is at the younger ages. Whether this rule of 
increase holds good much after sixty, I have no means of knowing. 
It isy however, evident that a young man may be considerably 
under the tabular weight for his height and still be perfectly 
healthy, while the same variation, in an elderly man, would be very 
suspicious. 

We have already seen that a consumptive tendency and a spare 
habit of body, generally go hand in hand. As weight is found to 
increase with age, we may, perhaps, infer that the liability to con- 
sumption is less among lives selected late in life, than among those 
entering at an earlv age, although the deaths from that disease are 
pretty evenly distributed over the ages, among assured lives as a 
class. 

The influence of occupation is next to be considered. The follow, 
icg table shows the main results on this score : — 

Average Weight of Persons engaged in various Occupations, 



Oecttpation. 


Weight 


Occnpation. 


Weight 


Agenta, Brokers, ftc 

Bntehcra • • . 

BsiTuten 

Banken, Iiis.Manftger8,&c. 

Blaekimithfl . 

Clerks and Salesmen 

Oajrpenters, Coopers, Ac. . 

Commercial Travellers . 

Clergymen 

Doeton .... 


lbs. St. Ibe. 
156*2-11 2-2 
169-3-12 1*3 
160-1-11 61 
154-2-11 0-2 
155-4-11 1*4 
147*1-10 71 
162*6-10 12-6 
1581-11 4*1 
163*7-11 9*7 
1481-10 8*1 
160-6-11 6-6 
160*9-11 6*9 


Fonnders and Moulders . 

Hotel-keeper^ Ac. . 

Labonrers • • 

Merchants 

MachiniBts 

Masons, Bricklayers, &c. 

Mannfactnrers 

Shoemakers and Saddlers 

Teachers. 

Tailors .... 

Total . 


Ibe. 8t Ibe. 
151*3-10 11*3 
166*7-11 12*7 
148*3-10 8-3 
153*7-10 13*7 
153*5-10 13*5 
162-2-11 8-2 
151*1 = 10 11*1 
1480-10 8* 
151*4-10 11*4 
1451-10 51 


165*0-11 1- 



As these statistics are based exclusively on Canadian data, they 
may be compared with those of other countries, and I will be much 
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pleased to see this done. It must be remembered, however, that the 
average age at entry should be taken into consideration. In the 
company referred to it is 28 years. 

Yours truly, 
Montreal, T. B. MACAULAY. 

21 October 1880. 



P.S. — Since writing the above, I have noticed in Dr. Allen's 
Examinations in Life Insurance, a statement to the effect that the 
average height of Continental Europeans is a little less than 5 feet 

6 inches ; that of emigrants from Great Britain, about 5 feet 

7 inches ; and that of Americans, about 5 feet 8 inches. We have 
seen that the average of English-speaking Canadians is over 5 feet 
8jt inches. If Dr. Allen is correct, he strongly confirms the opinion 
I have always held, that Canadians are a haidier, better developed, 
and more muscular race of men than can be found in almost any 
other country. 



A valued correspondent writes to us on the subject of Mr. 
Macaulay^s letter : — 

The circumstances of age, occupation, race, season, &/o., are so 
various, that tables constructed like Macaulay's, Quetelet's, Hutchin- 
son's, and others, on the basis of observations made on a particular 
class of men, must be expected to give discordant results. 

The table [printed below] which I am accustomed to regard as 
the model for men at the age of (say) 30 years, is constructed on the 
principles laid down by Mr. Brent, and explained many years ago, 
in a work on " Corpulence", by the late Dr. Chambers, of London. 
It assumes that the proportions of an ancient statue (say the Fighting 
Gladiator) are the correct thing, that the specific gravity of the 
human body is the same as that of water, and that the cubes of 
homologous dimensions are in the proportion of the weights ; and six 
per-cent for clothes is added to the weight calculated for the displace- 
ment of water by a body built on such a model. The resulting 

h^ 
formula is W=: ^^^ , where h is the height in inches and W the 

weight in pounds. 

When a man's weight exceeds or falls short of the standard 
according to the table, by (say) 15 per-cent, I consider he is not a 
well-proportioned man, and in case of his life being proposed for 
assurance, such divergence from the standard of ideal perfection 
should be seriously considered as a possible ground for the application 
of extra premium. 
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Table of Proportione between Height and Weight of Healthg Men, 



HBOitr. 


WnoBT. 


— WWOHT. 


+WnoHT. 


HUOBT. 


Model. 


ith too little. 


\\h too much. 


lAcbea. 


lbs. 


St. lbs. 


lbs. 


St lbs. 


lbs. 


St lbs. 


ft. in. 


63* 


125 


8 13 


104 


7 6 


146 


10 6 


5 3 


63*5 


128 


9 2 


107 


7 9 


149 


10 9 


5 3-5 


64 


131 


9 5 


109 


7 11 


153 


10 13 


5 4 


645 


134 


9 8 


112 


8 


156 


11 2 


5 4-6 


65 


137 


9 11 


114 


8 2 


160 


11 6 


5 5 


65-6 


141 


10 1 


117 


8 5 


165 


11 11 


5 5-5 


66 


144 


10 4 


120 


8 8 


168 


12 


5 6 


66*5 


147 


10 7 


122 


8 10 


172 


12 4 


5 6-5 


67 


150 


10 10 


125 


8 13 


175 


12 7 


6 7 


67-5 


154 


11 


128 


9 2 


180 


12 12 


6 7-5 


68 


157 


11 3 


131 


9 5 


183 


13 1 


5 8 


68-5 


161 


11 7 


134 


9 8 


188 


13 6 


5 8-5 


69 


164 


11 10 


137 


9 11 


191 


13 9 


5 9 


69-5 


168 


12 


140 


10 


196 


14 


6 9-5 


70 


172 


12 4 


143 


10 3 


201 


14 5 


5 10 


70-5 


176 


12 8 


147 


10 7 


205 


14 9 


6 10-5 


71 


179 


12 11 


149 


10 9 


209 


14 13 


5 11 


71-5 


183 


13 1 


152 


10 12 


214 


15 4 


6 11-5 


72 


187 


13 5 


156 


11 2 


218 


15 8 


6 


72-6 


191 


13 9 


159 


11 5 


223 


15 13 


6 0-5 


73 


195 


13 13 


162 


11 8 


228 


16 4 


6 1 


73-6 


199 


14 3 


166 


11 12 


232 


16 8 


6 1-6 


74 


203 


14 7 


169 


12 1 


237 


16 13 


6 2 


74-6 


207 


14 11 


172 


12 4 


241 


17 3 


6 2-5 


76 


211 


15 1 


176 


12 8 


246 


17 8 


6 3 


75-6 


215 


15 5 


179 


12 11 


251 


17 13 


6 3-5 


76 


219 


15 9 


182 


13 


256 


18 4 


6 4 



We are inclined to qaestion the correctness of the principle 
adopted in the calculation of this ^'modeP' weighty that the bulk 
and weight of a man increase as the cube of the height^ or that in 
well-built men of all heights^ the breadth is proportional to the 
height. We believe that tall men are generally slighter^ and short 
men stouter^ in proportion^ than men of middle height ; and a 
comparison of Mr. Macaulay's figures with those in the other 
table supports this opinion. Mr. Hutchinson's table is printed 
in vol. i, p. 88^ of this Journal^ in an extract from Dr. Chambers's 
work on Corpulence. — ^Ed. JJ.A. 



YOL. XXIII. 
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PBELIMINAEY EXAMINATION, 1881. 
Examiners. — Messrs. T. Q. Aoklajtd, J. Heron Dukoait, W. T. Gray, and 

W. YAUaHAK. 

I. 

1. Describe a Trial Balance, and explain its uses. Would jou 
take out the gross debit and credit postings, or only the balances, 
and why ? 

2. An Assurance Oompanj purchases an annuity-certain of 
£1,331, payable at the end of each year for 3 years, and pays £3,810 
cash for it, thus securing exactly 10 per-cent on the outlay. What 
Ledger accounts should be debited and credited at the time of 
purchase, and at the close of each year ? 

3. State and prove a rule for the division of decimals. When a 
vulgar fraction is converted into a decimal, in what cases will a 
terminating decimal be obtained ? 

4. Find the sum of 2024 of 7s, 4id,, -128 of I2s. 9J., 1023 of 
£1-28, and '428571 of 7 guineas. 

6. Find, by " contracted multiplication", the fifth power of '12345, 
rejecting millionths and all inferior denominations throughout the 
solution. 

6. Solve atiff ttoo of the following equations : — 



a?+--l 



a b ^ b2 



:±---('-l> 



03) *+y=i + i = 5; (8) («+«)(5+«)-«(J+c)=^+««. 

7. A gentleman's property consists of land' yielding 3 per-cent, 
mortgages yielding 4 per-cent, shares yielding 5 per-cent, and certain 
life annuities amounting to £3,090 per annum and worth 10 years* 
purchase. The dividends on shares form one-fourth of the rest of 
his income, the rents one-fifth, and the interest one-sixth. What is 
he worth ? 

8. A certain number consisting of two digits is equal to six times 
the sum of the digits, and if 117 be subtracted from 3 times the 
number the digits are reversed. Find the number. 

9. For what value of m will the equation 2a:^+Sx-\-m^0 have 
equal roots P Show that if one root of the equation is impossible, 
the other is also impossible. 

10. The sum of the first and fourth terms of an Arithmetical 
Progression is —16, and the sum of the third and sixth is +16. 
Determine the series. 
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11. If the natural numbers be diyided into groups in the following 
manner: — 

1 I 2, 3 I 4, 5, 6 I 7, 8, 9, 10 I 11, 12, 13, 14, 15 | Ac., 

find the sum of the numbers in the nth group. 

12. Define the logarithm of a number to a given base. Show 
that the cbaracteristic of the logarithm of a number can be determined 
by inspection when the base is 10, and explain why log,o'0356 and 
k^M*04 have the same characteristic, and logio3'56 and logio'0356 the 
same mantisea. 

13. A. Water Company has 12 collectors, 4 of whom call at the 
offiee two days a week each, 4 call three days a week, and 4 call four 
days a ^reek, the days for calling in no case being fixed. What is 
the probability that on an assigned day one collector, and only one, 
of each set of four, will call? 

n. 

14. How many different signals can be made by a two-masted 
Tcaael with five flags of different colours, the flags being used one or 
more at a time, and those in use being fastened one above another 
to either or both masts P 

15. If {l+«»+»i«-|-«i». . .to infinity} {l-|-«+n«+«*+ ... to 
infinity } = (1 -f«t« +«!*»' +otV+ ... to infinity}, then shall the 
Arithmetic Mean of m and n be equal to the square of their Geometric 
Mean. 

16. An Assurance Office issues 1,000 new policies per annum, — 
say on the 1st January of each year, — ^and the policies canceUed 
from all causes — assumed to be at the end of each year — are in the 
constant ratio of one-tenth of the number existing at the beginning 
of the year. Assuming the above law to bold good for a number of 
years, find the greatest number of policies which can exist on the 
books of the office at any time. 

17. Find the value (using the Table of logarithms before you) of 

^.g^ l^(r00416)-"> 

•00416 

18. Calcukte the middle term of (10+a^x)'^. 

19. If ^ be small compared with unity, prove that 

^^I±f±^2^ =1- L nearly. 
l-|-a?+Vl-hd? 6 

20. Three persons — ^A, B, and C — contemplate assuring their 
lives, and will select either the "Surrey", the "Sussex", or the 
" Berks " Company. The chances that A will choose the first, 
second, or third of these companies, are as 8:4:5; similarly, the 
chances of B doing so are as 4 : 5 : 6, and of C as 5 : 6 : 7. If eventually 
all choose the same office, what is the probability that it is the 
"Surrey"? 

21. When (2m-|-1) dice are thrown, show that the chance that 
the sum of the numbers turned up is (7n+d) is equal to the chance 
of the sum being (7n + 4), and that this chance is greater than that 
in favour of any other number. 

V 2 
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22. How many triangles can be formed by joining any three of 
tbe angular points of a regular plane figure of 20 sides ? 

23. Find «i2, and also i^, when tts=55, u^=126, Uj=:259, u^^^iM, 
i/g=837, and A* is constant. 

24. Show that tf»= {»«_!+ A>«»_a+A^_s+A'«»_4+. . . A*-*»i} 
+ A*^'~'ui, and hence determine a series of such a nature that the 
terms after the first shall be respectively double the first terms of the 
successive orders of difference (tt2=2A*Ui, «s=2A*tfi), and so on. 

25. The H^ premium at age 40 is at 3 per-cent= -025891, 

3i „ =024654, 

4 „ =023517, 
4i „ =022470, 

5 „ =021509, 

6 „ =019811. 
Interpolate the corresponding premium at 5J per-cent — 

(i) using two of these values, (ii) using four^ and 
(hi) using six. 



99 
99 
99 



INTERMEDIATE EXAMINATION, 1881. 

Examiners. — Messrs. C. D. Higham, G. Huicfhbbys, M.A«, J. WHiroHBS^ 

and T. £. Young, B.A. 

I. 

1. Find the probability that three persons, A, B, and 0, aged 
respectively ^r, ir+a, and x-\-p, will all be alive n vears hence. 

2. Find the probabilitv that one at least of three lives, aged 
respectively x, y, and z, will fail between the nth and (nH-m)th years. 

3. Find the probability of a person aged x dying not more than t 
years after one aged y, 

4i, A loan of £X is to be discharged by an annuity (made up of 
principal and interest) of £X : 10 payable at the end of each year, the 
interest thereon being at i per unit per annum, convertible half-yearly: 
when will the debt be extinguished ? 

5. A loan of £P is to be dischars^ by p-^-q-^-r annual instal- 
ments compounded of principal and interest Thej) instalments are 
to be of £a each, the q of £)9, and the r of £y. Show how to find 
the rate of interest i, 

6. Show how to construct a table of the principal and interest 
payments according to the equal half-yearly annuity scheme, stating 
what independent checks of its correctness occur to you, and by what 
formula you would verify the amount of principal redeemed in the 
nth half-yearly payment. 

7. What is the precise meaning of the expression ** Foree of 
Mortality " ? Explain its value and use in life assurance investiga- 

(mx—\ i" dfx 

tions ; and assuming /Aj. = — — , show imder what progression of 

the decrements /Ax^fl'** 

8. If P be the population of a country at a given period, 1 \p the 
ratio of mortality and 2 : g that of births for the first m years, and 2 \f 



F 



99 



f9 



1881.] Intermediate Examination^ 1881. 69 

and 1 : q the like ratios for the next n years, what will the population 
be at the end of m-\-n years ? 

9. Mention the leading differences between the data, and the 
eonfidence to be attached thereto, in the case of an observation of 
the mortality amongst assured lives and that of an ordinary Census 
enumeration. 

10. " If j8=the present value of a benefit of £1 upon a given life, 

or the joint existence of any combination of lives, 

)3i=the present value of a similar benefit, the life or lives 

being one year older, 
ir=the probability of the benefit of which p is the present 
value being received in the first year, 
and 11= the probability of the life or lives upon which that 
benefit depends surviving a year, 

theni»=t^n(g-|-iS,)." 

What conditions must the benefits fulfil to which the demonstration 
of the above equation applies, and in regard to which it subsists ? 

11. Find the value of an annuity on a life aged y, the first pay- 
ment to be made at the end of the year of death of a person aged x, 
but the annuity to continue for t je&rs certain, whether the life aged 
jf Burvive or not. 

12. Find the value of an annuity for such portion of a term of t 
years certain from the present time as will remain after the death of 
a person aged jr, the first payment to be made at the end of the year 
of his death. 

13. State briefly the manner in which you would proceed to con- 
struct a table of life annuities. 

n. 

14. Define the expression, " JEapectation of Life", and demon. 
strate the error of basing the computation of a Life Assurance 
premium upon this function. 

15. Assuming the loading to he /c per-cent of the sum assured 
on the single premium, deduce an office annual premium for a whole- 
fife assurance, with return of total office premiums paid. 

16. Explain the nature and use of the D and N columns: 
in what way does the N of the Englieh Life Tables differ from 
Daviee'i NP 

17. Describe at length a method of constructing a table of last 
survivor annuities. 

18. Show how to apply Cash allotted as Bonus to a whole-life 
Policy in making the sum assured payable in the lifetime of the 
assured. 

19. What adjustment in a valuation is necessary in consequence 
of the payment of claims one month after proof of death, instead of 
at the end of the year in which death happens ; and how would you 
estimate it? 

20. A, aged ^, and B, aged y, are entitled to an annuity of £P, 
payable haifyearly during their joint lives : they wish to exchange 
it for a half-yearly annuity of the same amount auring the life of U, 
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aged z. What lum must be paid to carry out thiB plan, reckoning 
interest at i per unit P 

21. A bond bearing interest at rate i per unit per annum is 
redeemable at par in n years. It is bought at a premium of p per 
unit. Show how to find approximately the rate of interest realized 
by the buyer. 

22. A whole-life policy is to be subject to a varying annual 
premium : starting at P', it is afterwards to be increased at the end 
of n years by q per-cent, and at the end of 2« years by r per-cent 
on the original : it is then to remain constant. Find this premium. 

23. A perpetual annuity is to be enjoyed, first by a person aged 
a for his life; afterwards by a successor to be appointed at his death; 
and, when the second life fails, by a third to be then appointed, and 
BO on. Determine the present value of the annuity for the first n 
successive lives, the ages being all dilEerent. 

24. Taking the Kegisters of a Life Office, how would vou arrange 
the data for ascertainmg the expected number of deaths, and the 
expected amount of claims, and how would you make the estimate P 

25. What books should be employed in an Office to enable the 
Actuary at any time to make a valuation P Sketch the headings of 
the vanous columns essential for this purpose. 



PINAL EXAMINATION, 1881. 

Swaminers, — ^Messn. G. W. Bbbbidob, T. G. 0. Bbowkb^ B. F. Hakdy, 

and J. Mbiklb. 

I. 

1. Describe and deduce the working formulas of any two of the 
following methods of Graduation, — ^namely, those of Davies, Finlaison, 
Gompertz, Makeham, Woolhouse. 

2. Indicate briefly how a graduation based upon some form of 
simple averages of numbers living at each age would affect the 
results. 

8. The annual premium charged by an Assurance Office for its 
survivorship assurance risks have been computed upon the Carlisle 
Table. Will they, on the whole, be increased or diminished by the 
substitution of the H^ Table, other things remaining the same P 

4. State your opinion of the Beinsurance method of valuation, 
and what provision is made by it for future expenses. 

5. Show under what conditions the reserve obtained by it is 
mater, equal to, or less than the reserve derived from a correspond- 
mg net-premium valuation. 

6. Give briefly your reasons for or against the abolition of the 
restrictions imposed by the Bank Charter Act. 

7. State the circumstances under which a married woman can 
alienate her reversionary interests, and when she cannot. 

8. A policy is made payable to A and B, without further descrip- 
tive words. Can the survivor give a good discharge P and, if so, why P 

9. Suggest the points, for embodiment in a printed form, upon 
which an Agent should be desired to report in connection with a Life 
proposal transmitted by him. 



1881.] Final Examination, 1881. 71 

10. A holds from B a leasehold property at a ground-rent of Ma^ 
deierminahle on the failure of the joint existence of 8 lives, hut 
lenewable for ever when a life drops on payment of a fine of £h ; and 
he desires to surrender his present lease in exchange for one for 999 
years certain. What addition should he made to the ground-rent in 
eonsideration of the change ? 

11. A 5 per-cent dehenture for £100, repayahlo in 10 years, is 
purchased for £106. 10s. Give a ready practical method of 
approximating to the rate of interest yielded to the purchaser. 

12. A leasehold house, with 60 years of the lease unexpired, was 
taken by a railway under compulsory powers 20 years ago, and 
the price was inyested in Consols. The life tenant has received the 
dividends only, hut now it is ordered that it shall be ascertained 
what annual payment would have exhausted the fund, and that pay- 
ment be made to the life tenant of the difference between the 
dividends actuaUy received and such annual payment. How would 
you treat the case P 

n. 

13. Had the early graduators of mortality tables any object in 
view beyond the production of a regular series of values r If so, do 
you thmk it was attained in any degree, or is attainable? Give 



14. How would you proceed to obtain the rate of mortality 
experienced by an Assurance Company P 

15. A Mutual Assurance Society separates its profit into two parts, 
namely: — (a) Profit from interest realized above the rate assumed 
at the previous valuation; and (h) The remainder of the profit, 
(a) is divided among the policyholders in proportion to the values of 
ihe policies at the date of the previous vsuuation, and (b) is divided 
in proportion to the loading received during the valuation period just 
closed. State xmder what circumstances this method of division 
would work unsatisfactorily. 

16. Show how you would proceed to ascertain the true profit or 
loss arising from the claims on a life office in any year. 

17. Give a form of book for valuing the Limited Payment and 
Endowment Assurance policies of an office from year to year ; explain- 
ing the principles upon which you would determine the annuity for 
valuing the premium. 

18. Explain the various estates that can be had in real property, 
and the interests of a personal nature that can be derived from it ; 
and why are they personal P 

19. What are the practical difficulties connected with assurances 
issued under the provisions of the Married Women's Property Act, 
1870 ? 

20. Two methods of the creation of a public debt have received 
support, — ^namely, an issue at par, and a full rate of interest ; and an 
issue at a discount, and a rate of interest somewhat less than would 
he otherwise accepted. Give instances, and state the circumstances 
under which it is probable that the first way would be preferable, and 
the reverse. 
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21. State what main functions the Bank of England performs 
besides those of an ordinary Bank possessing a right of issue. 

22. A B is entitled, during the life of C B, to certain rectorial 
tithes producing £500 per annum, and to the rectory house and glebe 
worth £100 per annum. The Ecclesiastical Commissioners are 
desirous of acquiring A B's interest in the tithe, making over to him 
the house and land in fee. On what basis would you calculate the 
sum to be asked by A B ? 

23. How would you yalue a reversion on the death of a single life 
to leasehold premises on which a mortgage debt had been created ? 

24. What risks are run by paying a claim by the death of a 
foreigner upon a receipt given under the local foreign law P 

25. Indicate briefly your opinion as to tl\e principles to be 
employed in determining the surrender value of an ordinary whole- 
life assurance. 



PROCEEDINGS OP THE INSTITUTE.— Session 1880-81. 

First Ordina/ry Meeting^ 29 Novevnber 1880. 

The President in the Chair. 
The following gentlemen were elected members of the Institute, namely — 

Fellow. 
Bowley, Edwin. 

Associates. 

Mills, Joseph. 



Bellamy, George Bampus. 
Chalmers, Alexander Henry. 
Douglas, Gordon. 
Gamole, Alfred Francis Morgan. 

Thomson, Ernest Bnrslem. 

The President then deUvered his Inaugural Address. 



ipiL. 
Morris, Alfred. 
Beid, George Alexander. 
Beeves, George Merritt, M JL 



Second Ordma/ry Meeting^ 3 Jan/uary 1881. 

The President in the Chair. 
The following gentlemen were elected members of the Institute, namely — 

Birks, Edmund Alfred. I Mitchell, Walter. 

Doyle, Thomas. | Newcome, Frederick Nathaniel. 

Mr. F. N. Newoome then read a paper " On the Simultaneous Construction 
of Compound Interest and Annuity Tables", and the following gentlemen took 
part in the subsequent discussion: — The President, Messrs. B. P. Hardy, 
and Cornelius Waliord. 



Third Orddna/ry Meeting, 31 Ja/nuary 1881. 
The President in the Chair. 
The f oUowing gentlemen were elected members of the Institute, namely — 
Donaldson, John. | Dovey, William Boadly. 

A paper by Mr. T. B. Sprague, " On the Construction and Use of a Series 
of Select Mortality Tables to w employed in Combination with the Institute 
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H'^ Table— BffU U and IH", was read by the Hon. Sec., Mr. G. W. 



The following gentlemen took part in the discoBsion on this paper: — 
The P^reiddent, Messrs. Baden, Berridge, A. J. Finlaison, G. E[ing, and 
Waif Old. 

Fovrth Ordinary Meeting, 28 February 1881. 

The President in the Chair. 

The following gentlemen were elected members of the Institute, namely — 

Dayies, John. | McKenzie,Dancan John McGregor. 

Pulley, William Pritchard. 

Mr. G. ¥. Hardy then read a paper ** On the Mortality observed amongst 
tbe various Classes of Bonus Policies in the British Empire Mutual Assurance 
Company", and the following gentlemen took part in the discussion upon the 

Siper:~The President, Messrs. Ackland, Capem (visitor), B. P. Hardy, 
nmphreys, Higham, Justican, G. King, Searle, and Whittall. 



F^ Ordinary Meeting, 28 March 1881. 
The President in the Chair. 

The following gentlemen were elected members of the Institute — 
Lowndes, Arthur. | Price, William John. 

Mr. Cornelius Waif ord then read a paper ** On the Position of the Insur- 
ance Press in relation to Insurance Offices and Insurance Interests." 

The following gentlemen took part in the ensuing discussion : — ^The 
President, Messrs. Adler, Berridge, Baden, Day, Bigham, Humphreys, 
Dr. Leser (visitor). Manly, and W. White (visitor). 



Biae^ Ordinary Meeting^ 25 April 1881. 
The President in the Chair. 

The following gentlemen were elected members of the Institute : — 
Ayling, Charles Stephen. | Stancliffe, Frederick. 

A paper by Mr. Harald Westergaard, of Copenhagen, entitled, " Notes on 
the Mortality of the Danish Clergy, from 1650 to 1878", was read by Mr. 
W. Sutton ; and the following gentlemen took part in the discussion : — ^The 
President, Messrs. Bumsted, Day, Sutton, and Waif ord. 



The Thirty-second Anmud General Meeting, 11 June 1881. 
The President (Mr. A. H. Bailey) in the Chair. 

Mr. Bebbidoe (Hon. Sec.) read the circular convening the meeting, 
tiie minutes of the ordinary meeting held in April, which were signed as 
oorrect by the President, and the following Report of the Council and 
Statement of Accounts : — 

" In again meeting the members of the Institute at the close of another 
session, the Council have to report that the number of members on the 31st 
March 1881 was 355, as against 356 at the corresponding period of 1880. 
Twenty new members have been elected during the year, and 21 removed 
from the list by death or resignation. 

" By reference to the accounts, which have been duly audited, it will be 
observed that the income of the year was £975. 7«. 6d,, the expenditure 
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£934. 9s, Sd,, and that the fonds of the Institute now amonnt to £3,1^- 9s, Sd. 
The increased expenditure during the year has heen due to the cost of 
printing, compiling, and binding the catalogue of the library, and to the 
accounts for five numbers of the Journal being paid during the year, instead 
of four, the usual number. 

" At the first ordinary meeting of the session, the President (Mr. A. H. 
Bailey) delivered an addr^ ; and at the succeeding meetings the following 
papers were read and discussed : — 



"Mrst — 'On the Simultaneous Construction of Compound Interest 
and Annuity Tables' — by Mr. F. N. Newcome. 

" Second — * On the Construction and Use of a Series of Select Mor- 
tality Tables to be employed in combination with the Institute 
HMW TMe (Parte II and III)'— by Mr. T. B. Sprague. 

" I%ird — ' On the Mortality observed amongst the various Classes of 
Bonus Policies in the British Empire Mutual Assurance Company ' 
—by Mr. G. P. Hardy. 

"Fourth — 'On the Position of the Insurance Press in relation to 
Insurance Offices and Insurance Intereste' — ^by Mr. Cornelius 
Walfoi-d. 

" lyth—* Notes on the Mortality of the Danish Clergy, from 1650 to 
1878' — by Mr. Harald Westergaard, of Copenhagen. 

" The reporte of the examiners for the examinations of the Institute, held 
on the 22nd and 23rd of April last, give as the result : — 



(( 



FBBLIMIVJLBY EXAHINATIOK. 



"That out of seventeen gentlemen who presented. themselves for this 
examination, the following have passed : — 



1. — H. R. Harding. 
2. — P. J. Hawkins. 
3.— A. B. Woods. 
4— C. R. Ray, 



S. G. Warner, 



jEq. 



6. — J. Thompson. 
7. — R. Cross. 
8.— W. J. Price. 



" INTEBICBDIATB BXAHINATIOK. 

"Twelve candidates presented themselves, and the five following 
passed : — 

1. — G. M. Reeves, ") -r. I 3. — P. Colenso, ") -p^ 

G.H.Ryan, j^' I J.Greham,]^^' 

5.— R. Wilson. 



"FIKiX EXAMINATION. 



" Four candidates presented themselves, and the three following passed : — 

1.— Geo. Todd. | 2.— A. P. Burridge. 

3. — ^W. Somerville. 

"The Council have arranged for the continuation of the classes during 
the next session. The subjecte treated in the classes are those of the 
preliminary and intermediate exsuninations. The usual notice of the time of 
commencement will be given. 

" The catalogue of the library has been printed, and a copy sent to each 
member. Several additions have been made to the collection, but it is still 
far from complete, and the Council will gladly welcome any assistance that 
may be given towards ite completion. 
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The adoption of the Report, and of the Acoonnts for the year, having 
heen proposed by the President and seconded by Mr. G. Cntdiffe, was 
agreed to unaniroonslT. 

The following list was declared to constitute the President, Vice- 
Presidents, Council, and Officers, for the ensuing year : — 

Tresident, 
AsTHUB H. Bailet. 

YiM'FresidefnU. 



Geobgb Wic. Bbbbidob. 
Chablbs Johk Bxjntok, M.A. 



Gbobob Cutcliffb. 
Ralph Pbicb Habdt. 



OowncU, 

Augustus Hbkdbies. 
Gbobgb Humphebts, M.A. 
Frank McGbdy. 
Hbnby WiLLiAif Manlt. 
Jaues Mbiele. 
Abthub Peabson. 
Henby William Pobtbb, B.A. 
H. AiCBBOSB Smith. 
Thomas Bond Sfbaoue, M.A. 
William Sutton, B.A. 
Spenoeb Campbell Thomson, B.A. 
James Valentine. 
•John Whitcheb. 
John Hill Williams. 
Thomas Emley Young, B.A. 

Note. — Those marked * are new members. 



Mabcus N. Adlbb, M.A. 

Andbew Baden. 

Abthub H. Bailby. 

Geobge William Bebbidge. 

Thomas G. C. Bbowne. 

Chables John Bunyon, M.A. 
•Henby Cockbubn. 
*Fbank a. Cubtis. 

Geobge Cutcliffb. 

Abchibald Day. 

David Deuchab. 

John Ralph GbiMes. 
•Majob-Gbn. J. C. Hannyngton. 

Ralph Pbioe Habdy. 

Stewabt HBldeb. 



Treajswrer. 
John Ralph Gbimes. 

Honara/ry BecreUmes. 
Gbobgb Humphbeys, MJL. | Henby William Manly. 



f 
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Luw Reports. — Dalchosnie Disentail Case. — McDonald v. 

McDonalds. 

V ARIOUS important questions having been raised in this case, 
some of which will interest English actuaries who are not con- 
cerned with the intricacies of the Scotch law of entail^ we purpose 
giving a tolerably full report of the proceedings^ taken partly 
from the "Court of Session Cases'' (T. & T. Clark, Edinburgh) 
and partly from the Appellants' Case as printed for the use of the 
House of Lords. 

One of the most interesting points decided in the case may be 
explained as follows : — 

C and D had reveraionaiy interests in an entailed estate, 
expectant on the death of A and 6 without male issue ; and A was 
entitled to have the estate disentailed, on paying to C and D the 
calculated values of their interests. They alleged that B had had 
serious illnesses, which reduced his expectation of life greatly 
below the average ; and that the value of their reversionary inte- 
rests was in consequence greatly increased. They maintained, 
accordingly, that regard should be had to these circumstances in 
calculating the value of their interests. On the contrary, A main- 
tained that the state of health of B was not to be taken into 

VOL. X.XI1I. o 
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account, but that he must be assumed to be an average life, with 
an expectation of life corresponding to his real age. On this 
point, the opinions of the Judges were much divided. Lord Adam, 
the Judge before whom the question first came, was of opinion 
that the state of health should be taken into account j and this 
view was acquiesced in by the majority of the Judges of the Inner 
House, on the assumption that B would consent to a medical 
examination. It turned out, however, that B would not so consent, 
and the Judges of the Inner House then decided that the calcula- 
tion should be made on the assumption that he was an average 
life. This decision was reversed on appeal by the House of Lords, 
who decided that B's state of health should be taken into account, 
but that it was for C and D to substantiate their allegation that 
his expectation of life was below the average ; in other words, that, 
in the absence of any allegation to the contrary, B must be con- 
sidered an average life for his age, and that the onus of proving 
that he was not so lay with C and D. The opinions of the various 
Judges on these points are well worthy of careful study. 

A second point peculiai-ly interesting to persons engaged in 
the practical business of life insurance, is the decision of Lord 
Fraser (see page 122) to the effect that C and D were entitled, for 
the purpose of proving their case, to have access to the medical 
reports furnished to an insurance company on the occasion of B 
insuring his life some time previously. 



ALASTAIR MIAIN MCDONALD, Petitioner. -^Miss ELIZABETH 
MOORE MENZIES M'DONALD and Miss ADRIANA M 'DONALD, 
Respondents, 

Major-General Alastair M'lain M'Donald, being heir of entail 
in possession of the estates of Dalchosnie, Lochgany, and Kinloch 
Bannoch, in Perthshire, presented a petition on 13 Nov. 1877 to 
the Court of Session, for authority to record an instiaiment of 
disentail of these estates. The petition stated that he was desirous 
of acquiring the estates in fee-simple, and that his petition was 
for that purpose presented under the statutes 11 & 12 Vic. c. 36, 
16 & 17 Vic. c. 94, 31 & 32 Vic. c. 100, and 38 & 39 Vic. c. 100. 

The entail was dated in 1837. The petitioner was bom on 
22 March 1830. The three next heirs entitled to succeed were 
the petitioner's brother, Captain John Alan McDonald, born 
22 March 1834, and his two sisters. Misses Elizabeth M. M. 
McDonald and Adriana McDonald, born respectively on 10 June 
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1827 and 30 November 1828. The only other heir of entaU in 
existence was the petitioner's youngest sister^ Miss Jemima 
McDonald, who was bom on 16 June 1832. 

The legal conditions^ apaH from procedure, under which the 
petitioner was entitled to acquire the estate in fee-simple, were 
these ; (1) that he obtained the consent of Capt. J. A. M'Donald, 
the next heir ; and (2) that he either produced the consents of his 
sisters, the two respondents, or, in absence of their consents, that, 
on hts motion, the Court ascertained the value in money of their 
expectancies or interests in the entailed estates, and that the sums 
so ascertained were paid or provided by him.* 

The petitioner produced a consent to the disentail by Captain 
M'Donald ; but the two next heirs, the Misses McDonald, refused 
their consent. 

The Lord Ordinary (Lord Adam) remitted to Mr. T. B. Sprague, 
manager of the Scottish Equitable Life Assurance Society, " to 
enquire and report as to the value in money of the expectancy 
or interest in the entailed estates with reference to the present 
application^' of Misses Elizabeth and Adriana McDonald. 

Mr. Sprague returned a report, dated 31 May 1878, the impoi-t 
of which, in so far as necessary, is as follows : — 

** The net annual value, as obtained from the Valuation HoU of the 

• Tbe Entail Amendment (Scotland) Act, 1875, (38 and 39 Vic. c. 61) sec. 5, 
■ob-aec. 2, enacts, — " In tbe event of any of the foresaid heirs (».«., the heirs whose 
consent to a disentail is required by section 3 of the Entail Amendment Act, 18^18), 
except the nearest heir for the time, whether an heir-apparent or not, entitled to 
succeed, declining or refusing to give or being legally incapable of giving his 
consent, the Coort may dispense with such consent in terms of the provisions 
following (that is to say) :—(a) When any of tlie foresaid heirs entitled to succeinl, 
except the nearest heir for the time, declines or refuses to give, or is legally 
incapable of giving, liis consent, the Court shall, on a motion to that effect by the 
pttitioner in the application, and on a statement by him of the declinature or 
refusal or incapncity of such heir or heirs aforesaid, and after such intimation to 
the heir or heirs so declining or refusing, or to the guardians or oth6r persons 
interested in the heir or heirs incapacitated as aforesaid, as the Court sliall think 
necessary, ascertain the value in money of the expectancy or interest in the entailed 
estate with reference to such application of such heir or heirs declining or refusing, 
or incapacitated to give consent as aforesaid : (b) Upon such value in money being 
ascertained to the satisfaction of the Court, the Court shall direct the sum so 
ascertained to be paid into bank in name of the heir or heirs the value of whoso 
expectancy or interest has been ascertained as aforesaid, or that proper security 
shall be given over the estate which is the subject of application for the amount 
so ascertained in favour of the heir or heirs aforesaid : (c) Upon such value in 
money being so paid or received to the satisfaction of the Court, the Court shall 
dispense with the consent or consents of the heir or heirs the value of whose 
expectancy or interest has been ascertained as aforesaid, and shall thereupon 
proceed as if such consent or oonsenta had been obtained : Provided always that 
nothing herehi contained shall render it competent to dispense with the consent of 
the nearest heir for the time entitled to succeed to any entailed estate sought to be 
^sentuled." 

o 2 
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County of Perth, being £1,672, of which £585 arose from the 
shootings and fishings, he took the capital value of the estate at 
£48,000, and made his calculations by the Carlisle 3^ per-cent Tables. 

" He calculated the expectancy of the Misses M 'Donald on the 
altematiye views, that a sum of £5,000 which the petitioner said 
he had expended on improvements, and was in course of constituting 
and charging on the estates (by a petition which had been sisted 
since the disentail petition was presented), was or was not to be 
allowed as a deduction from the vsdue of the estates. 

''The various existing heirs, as stated to the actuary, are — 

^' A. The heir in possession, namely, General M'Donald, was 
born on 22 March 1830, and is a bachelor. He has been assumed 
to be an average life, as no evidence has been produced or allegation 
made to the contrary ; and the actuary considers that the fact of his 
being in the army, and liable to be ordered on active service, is not 
an element to be taken into account in making the calculations 
required for the purposes of the remit, and should be disregarded. 
Should General M'Donald marry and leave issue who shall attain the 
age of twenty -one, the interests of the subsequent heirs of entail would 
be entirely defeated ; and the probability of his marrying and having 
issue therefore appears to the actuary to be a very important element in 
the calculations. The actuary is of opinion, from the examination 
of such statistics as are known to him, that the probability of General 
M' Donald marrying may properly be taken as 15 in 100. The 
probability that if he marries he will have issue who shall attain the 
age of twenty-one, is a more uncertain element. This the actuary 
has taken at 80 in 100, so that the compound probability that the 
General will marry and have issue as above, is 12 in 100. The 
probability that he will not leave issue is therefore 88 in 100. The 
values of the expectancies of Miss M 'Donald and Miss Adriana 
M'Donald have, therefore, been first calculated on the assumption 
that General M'Donald will leave no issue, and have then been reduced 
in the ratio of 88 to 100, or multiplied by '88. 

"B, The next heir is Captain John Alan M'Donald, the only 
surviving brother and heir presumptive of General M'Donald. He 
was born on 22 March 1834, and is married, but has no issue. His 
wife is in good healtli, and was bom on 28 June 1835. It appears 
from a medical report, produced to the actuary, that Captain M'Donald, 
although at present in good health, has suffered from ailments which, 
in the opinion of the actuary, reduce his prospect of life greatly 
below the average of persons of his age. The actuary has had 
considerable experience in dealing with proposals for insurance on 
the lives of persons whose expectation of life is below the average, 
and, having constdted the medical officer of the Scottish Equitable 
Life Assurance Society as to the probable effect of the ailments 
above referred to, he is of opinion that Captain M 'Donald's probable 
duration of life is only equal to about one-half of the expectation of 
life of hjalthy persons of his age, and that therefore, his real age 
being forty-four, it is fair and right that he should be assumed, in 
the calculations, to be sixty-four years of age. The actuary has, 
however, at the request of the agent of the petitioner, made his 
calculations on the two alternative principles, of taking Captain 
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M'Donald at bis real age, and at the advanced age of sixty-foory as 
above explained. Tbe actuary considers that it maj safely be assumed 
that Captain M'Donald wiU not now have any issue. He has, 
however, taken into account that, were Captain McDonald to succeed 
to the estate under the entail, he would be in a position to charge 
the estate with an annuity to his widow to the extent of one-third of 
the free rental, and thus materially reduce the income of the next heir. 

'* a The third heir is Miss Elizabeth M'Donald, bom 10 June 
1827; and 

*' D. The fourth heir is Miss Adriana M'Donald, bom 30 Novem- 
ber 1828. 

'* The actuary considers it may be assumed that neither of these 
ladies will have issue. 

" J?. The only other existing heir under the entail is stated to be 
Miss Jemima M'Donald, who was bom on 16 June 1832. 

" It may be assumed that this lady also will leave no issue, even 
were she now to marry. 

" Each of the three ladies would have the power, should she 
succeed to the estate, of making provision for any husband she might 
leave surviving her, by way of annuity, to the extent of one-half of 
the free rental; but the actuary has not thoueht it necessary to 
make allowance, in his calculations, for this circumstance, as the 
probabilities of marriage are small and uncertain. They would also 
affect the result in opposite directions, and, to a considerable extent, 
neutralize each other, and therefore probably produce very little 
effect on the final results. 

** The actuary understands that he is to value the expectancies 
of Miss Elizabeth McDonald and Miss Adriana McDonald as at 
14 November 1877, being the date of the first interlocutor in tbe 
petition ; and he considers that the ages of the several heirs to be 
employed in the calculations should be those at the birthday, 
whether last or next, which is nearest to the said 14 November 187/. 
These ages will therefore be — 

^A. General McDonald, forty-eight. 

"5. Captain McDonald, forty-four (but taken as sixty- four). 

(Mrs. McDonald, his wife, forty-two.) 
" (7. Miss E. M'Donald, fifty. 
'' D. Miss A. McDonald, forfy-nine. 
** -E^. Miss Jemima McDonald, forty-five. 

*' The expectancies of O (Miss McDonald) and D (Miss Adriana 
M^onald), the second and third expectant heirs, of which the actuary 
is to estimate the value, consist each of two parts. The first part is 
the chance of the heir surviving the previous heirs in the entail, and 
enjoying the rental for her life ; and the second is the chance of the 
heir acquiring the fee-simple of the estate, by surviving all the other 
heirs in the entail. For the calculation of the value of the first chance, 
it is only material to have information as to the heirs before them 
in the entail ; but the value of the second chance depends very much 
upon the number and ages of the heirs who succeed them under 
the entail ; and the actual selling value of the estate, as a fee-sin)ple 
property, is obviously a very important element in the calculation of 
the value of this second chance. 
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" Before the actuary had been furnished with any information as 
to the existing heirs who succeed C and D in the entail, he had 
calculated the values of their interests in the estate simply as the 
values of their respective life interests in the income, expectant on 
the decease of the preceding heirs ; but after ascertaining that there 
was only one other existing heir in the entail, namely, S (Miss 
Jemima M*Donald), he became satisfied that the value of the chance 
of either C or D succeeding to the fee-simple of the estate, by sur- 
viving all the other heirs, must be considerable, and on making his 
calculations on a fresh basis, so as to allow for this chance, he found 
that the resulting value was more than double that previously obtained. 

" The results of the actuary's calculations, in which due allowance 
has been made for all the before-mentioned circumstances, are as 
follows : — 

" Taking Captain M' Donald at the age of sixty-four, and disre- 
garding the £5,000 of improvement outlay as a charge against the 
estate, the actuary finds that the sum to be paid by General M*Donald 
to his sisters, Miss M'Donald and Miss Adriana M'Donald, should 
be . . '. £9,114» 



And, if the £5,000 is allowed, £8,122 

Divisible thus : — 

1. To Miss McDonald, £5,140 or £4,564 

2. To Miss Adriana McDonald, . 3,974 or 3,558 



£9,114 or £8,122 



" Taking Captain McDonald at his real age of forty-four, the sura 
to be paid by General McDonald to his sisters should be £5,724 

" And if the £5,000 is allowed, .... £5,114 

" Divisible thus : — 

"1. To Miss McDonald, . . £3,141 or £2,799 

" 2. To Miss^Adriana McDonald 2,583 or 2,315 

£5,724 or £5,114" 

Both parties lodged objections to the report. 

Of the petitioner's objections, the following only need be stated 
here : — '^ (3) In respect that the actuary has, contrary to the true 
intent and meaning of the entail statutes, made any deduction 
whatever in estimating the value of the life of Captain John Alan 
McDonald (the consenting heir), and has not made the valuation 
of his interest and expectancy, enuring to the petitioner by virtue 
of Captain M'Donald^s consent to the disentail, on the footing 
of •his being of his actual age. (4) Alternatively to the last 
objection, in respect that the actuary has greatly over-estimated 
the number of years which should, in his calculations, be added 
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to Captain McDonald's age in respect of his alleged ill-bealth, and 
bas dealt therewith as if he were 'dealing with proposals for 
insurance on the lives of persons whose expectation of life is 
below the aTerage'. The petitioner avers, and offers to prove, that 
the expectation of life of Captain McDonald is not below the 
average, and that his life has been repeatedly insured at ordinary 
rates. (5) In respect that the actuary, in estimating the expect- 
ancy of the second and third heirs, has assumed that Captain 
McDonald will have no issue, and has greatly under-estimated the 
expectancy of the petitioner having issue. (6) In respect that the 
actuary has made his calculations on the footing ' that the ages of 
the several heirs to be employed in the calculations should be 
those at the birthday, whether last or next, which is nearest to the' 
14th November 1877, the date of the first interlocutor in the 
application. (7) In respect that the actuary has estimated the 
value of the ' chance' of the second and third heirs ' acquiring the 
fee-simple of the estate by surviving all the other heirs in the 
entail', and has thereby valued their interests as expectant fee- 
simple interests instead of confining the inquiry to the value of 
their expectant interests as heirs of entail. It is understood that, 
upon this principle, the actuary has allowed to these heirs for this 
'chance' a resulting value more than double what, on a proper 
interpretation of the entail statutes, and in particular of the 
'Entail Amendment Act, 1875', sec. 5, the said heirs are entitled 
to as the 'value in money of the expectancy or interest in the 
entailed estate' of such heirs. (8) In respect that the actuary, by 
estimating the value of the expectancy of Miss Jemima McDonald, 
and taking her existence, age, and probability of issue into 
account, has introduced a fourth heir into the calculations, 
contrary to the true intent and meaning of the Entail Acts. 
(10) Generally, and without prejudice to the special objections 
above set forth, in respect that the actuary has greatly under- 
valued the interest of the petitioner in the entailed estate as heir 
in possession thereof, and the value of Captain John Alan 
M'Donald's expectancy or interest therein enuring to the petitioner 
in virtue of Captain M'Donald's voluntary consent to the disentail, 
and has greatly over-estimated the value of the expectancy or 
interest of the second and third heirs in the entailed estate." 

The respondents objected to the report, in so far as it proceeded 
(I) upon the basis of an assumed annual net rental of £1,672. 7s. Id., 
and a selling value of £48,000 ; and (2) upon the assumption, 
without enquiry, that the life of the heir in possession is an average 
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life, and that the fact of his being in the army and liable to be 
ordered on active service is not an element to be taken into account 
in the reporter's calculations. 

The Lord Ordinary on 13 July 1878, after hearing counsel on 
the report and objections thereto, decided that the sum expended 
by the petitioner (prior to the presenting of the petition) on per- 
manent improvements on the entailed estate proposed to be dis- 
entailed, of the nature contemplated by the Entail Acts, and 
capable of being constituted a burden on the said estate, ought to 
be allowed as a deduction from the value of the said estate: 
Repelled the petitioner's third objection : Sustained the petitioner's 
sixth objection: and repelled the petitionei-'s seventh * objection : 
Further, sustained the first objection for the Misses McDonald, 
and repelled their second objection; and gi*anted leave to the 
petitioner to appeal. 

In a note appended to his decision (which is technically called 
an interlocutor), he said : — 

" The question involved in the petitioner's third objection is one 
of great importance, and will be of constant occurrence in this class 
of cases. The question is whether, under the 5tb section of the 
Entail Amendment Act of 1875, when an heir of entail has declined 
to consent to a disentail, and the duty falls upon the Court of 
ascertaining the value in money of the expectancy or interest in the 
entailed estate of such heir so declining, the actual ages of the heirs 
of entail are, in all cases, to be taken as the basis of the calculations 
which may require to be made. 

" What the Court has to do, is to ascertain the value in money of 
the expectancy or interest of the heir of entail declining to consent. 
It is obvious that the most material element to be taken into con- 
sideration, in ascei-tainiug this value, is the probable duration of the 
lives of the other heirs of entail. But it is equally obvious that 
the probable duration of life of a person, depends upon his state of 
health, as well as upon his actual age. Were the Court to refuse to 
take into consideration the state of health of the person, the probable 
duration of whose life is in question, it appears to the Lord Ordinary 
that great injustice would be done to the heirs of entail declining to 
consent to the disentail, and who, by the Act of 1875, are compelled 
to sell their interests in the entailed estate. Suppose, for example, 
that the heir in possession, or the nearest heir for the time, was know^n 
to be hopelessly ill of an incurable disease, and had only a few months 
to live, it would be manifestly unjust to calculate the value of the 
interest or expectancy of the two next heirs on the footing that such 
heir in possession or nearest heir would attain to the average duration 
of human life. That, no doubt, is an extreme case, but it illustrates 
the principle contended for by the petitioner. 

" That great difficulties may be encountered in ascertaining the 
state of health of the person, the probable duration of whose life is 
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the sabject of enquiry, is no doubt true. It is said, for example, that 
a medical examination is a necessary element in the enquiry, but that 
it could not haye been the intention of the Legislature to compel 
heirs of entail to submit to a medical examination when, as in this 
case, they had no interest whatever in the question at issue ; so that 
it would come to depend on the willingness or unwillingness of an 
heir of entail to submit to examination, whether any reliable evidence 
could be got as to the state of his health. 

*' Whether the Court would compel an heir of entail to submit 
to a medical examination does not require to be determined in this 
case, because Captain M' Donald, the heir, the state of whose health 
is in question, does not object to being examined ; but the difficulty 
of the enquiry does not, in the opinion of the Lord Ordinary, absolve 
the Court from the duty of ascertaining, by the best available means 
in its power, the value of the interest or expectancy which may be 
the subject of enquiry. 

" The Lord Ordinary has reserved for further consideration the 
petitioner's 4th objection. He may state that, in his opinion, the 
question whether or not the expectation of life of Captain McDonald 
is below the average, is npt one which should be investigated by way 
of a proof before the Lord Ordinary, as the petitioner suggested. 
He thinks, however, that the petitioner is entitled to further enquiry. 
It appears to the Lord Ordinary that a medical man of eminence and 
experience in such matters should see Captain McDonald, and com- 
municate with Mr. Sprague, who would then report to the Lord 
Ordinary how many years, if any, ought to be deducted from the 
average duration of life in Captain McDonald's case, or, in other 
words, how many years, for the purpose of calculation, ought to be 
added to his life. 

" It is obvious, however, that no enquiry at all will be necessary 
if the petitioner's views are right as to the 3rd objection. 

" The Lord Ordinary has communicated with Mr. Sprague with 
reference to the 5th objection, and has ascertained from him that 
the state of Captain McDonald's health does enter into the question 
of the probability of his having issue. The Lord Ordinary has, 
therefore, for the same reasons, reserved the consideration of this 
objection. 

" With reference to the 6th objection, in calculating the average 
of a large number of lives, ^he method adopted by the reporter no 
doubt is practically correct; but it was explained to the Lord Ordinary 
that it happened in this case that the birthdays fell on the same side 
of the line, and therefore that the method adopted became practically 
unjust. That being so, it apj^ears to the Lord Ordinary that the 
petitioner is entitled to have the calculations made on the footing of 
the ages of the parties, either at their last or next birthdays as may 
be thought right. The Lord Ordinary has therefore sustained the 
objection. 

" The Lord Ordinary thinks that the 7th objection falls within 
the principle of the case of WiUon v. De Virte, 19 Dec. 1877 (Court 
of Session Cases v. 328), and must therefore be repelled. It appears 
to the Lord Ordinary that, if an heir of entail who shall succeed to an 
entailed estate, shall either have the power of acquiring it in fee-simple 



86 Dalchosnie Disentail Case, [Oct. 

by disentailing it, or, as in this case, shall be entitled to hold it in fee- 
simple as being the only heir of entail in existence, the interest of such 
heir of entail in the estate is much more valuable than if he had 
succeeded merely to a life interest in it. In the one case he can at 
any time sell the estate, if he chooses, for its full value ; in the other 
case his interest may or may not be of great value, as, being merely 
a life interest, its value will vary according to the time which, from 
age or otherwise, it is probable he will live to enjoy it. But if an 
heir of entail is thus in a position to acquire an estate in fee-simple, 
the Lord Ordinary does not see why, in calculating his chance of suc- 
ceeding to it, that element should be left out of view. * * * # 

*' The Lord Ordinary has sustained the first objection for the 
Misses McDonald, because he' thinks that the actual rental should be 
taken as the basis of the calculations, and not the rental from the 
valuation roll. The parties should have no difficulty in adjusting 
this matter. 

" If the Lord Ordinary is right in holding that the chance of the 
objectors acquiring the estate in fee-simple is an element to be taken 
into the calculation, it is obvious that the value of the estate is 
material. The Lord Ordinary thinks that it ought to be ascertained 
by a remit to persons of skill in such matters.* 

^* The Lord Ordinary has ascertained from Mr. Sprague that it 
was not suggested to him, by either party, that the life of General 
McDonald was other than an average life, and that he made his 
calculations accordingly. The Lord Ordinary has also ascertained 
from Mr. Sprague that the fact that a general officer is liable to be 
ordered on active service, is not considered as reducing his life below 
the average, if it be otherwise an average life. The Lord Ordinary 
has therefore repelled this objection." 

The petitioner appealed^ and the case was heard before the 
Second Division of the Inner House. 

The argument was mainly in regard to the third and seventh 
objections for the petitioner. 

Argued for the petitioner ; — 

Third Objection, — The actuary had dealt with Captain 
M^Donald^s life from an insurance point of view, and in insurance 
offices the lives insured were in general selected lives. But in 
assessing the value of expectancies under the statute, it was neces- 
sary to proceed on a general rule, and the only practicable rule was 
to take the actual age of the person in question. 

Seventh Objection, — It was only the value of the expectancy as 
heir of entail that was to be valued. The chance of succeeding in 
fee-simple was outwith the entail, and was no more a legitimate 

• It was afterwards remitted to two land surveyors to report as to the value 
of the estAte ; and they reported that the clear annual value was £1,700, including 
about £675 for shootings; and that the selling value of the estate, including the 
growing wood, was £52,000. 
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ekment in the present enquiry than the chance of the Legislature 
abolishing the law of entail. 

Argued for the Misses M'Donald : — 

Third Objection. — ''The expectancies or interests'' which the 
Court had to value were the reversionary interests of the second 
and third substitutes. Obviously the value of these interests 
depended on the probable duration of the life of the intermediate 
heir. What they wanted was simply such an enquiry as an 
intelligent man of business would make^ before entering into any 
transaction with regard to the purchase or sale of such a rever- 
sionary interest. If there was any insuperable difficulty in the way 
of ascertaining the value of these interests^ the result would be^ not 
that the petitioner would be entitled to have the expectancies valued 
in a rough and hap-hazard way^ but that a condition which the 
statute had said should be precedent to the disentail — the ascer- 
tainment of such value to the satisfaction of the Court — ^had not 
been implemented^ and the disentail could not go on. But all 
difficulties in the present case were removed^ as Captain M 'Donald 
had no objection to be examined. 

Seventh Objection. — The value of the expectancy of a substitute 
heir was what it would sell for^ and in order to arrive at this value 
the whole chances must be taken into account — the chance of suc- 
*w«iiing piffg the right which possession would give such heir after 
having succeeded. This was the principle given effect to in 
De Virte v. Wilson. 

After hearing counsel^ the Court made a second remit to 
Mr. Sprague^ to report — " (1) On what footing the chance of 
marriage in the case of General M'Donald is calculated^ and what 
are the principles on which such chances are calculated in such 
schemes as the Ministers'^ Advocates'^ or Schoolmasters' Widows' 
Funds^ or in similar schemes; and (3) on what principle the 
chances of acquiring the estate in fee-simple have been valued in 
the case of Elizabeth and Adriana IM'Donald^ and to what extent 
and proportions^ if the whole estate be assumed as a capital 
sum to be divided^ according to the interests of the parties^ present 
or prospective, therein, the interest of the heir in possession and 
the other heirs-substitute would be increased." Mr. Sprague 
returned a report, from which the following is an extract : — 

" As regards the principles upon which the chances of marriage 
are calculated in such schemes as the Ministers', Advocates', or 
Schoolmasters' Widows' Funds, the actuary has ascertained that in 
process of years accurate statistics of their experience have accumu- 
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lated, from which it has heen practicahle to calculate the prohability 
of marriage with great exactness. The available information on the 
subject of the chances of marriage was very conveniently summarized 
in Mr. W. T. Thomson's * Report' on the Writers to the Signet 
Widows' Fund as at Whitsunday 1872 ; from which the follow^ing 
figures are extracted. Marriages of bachelors above the age of 60 
are so few, that the probability of such a marriage taking place may 
be neglected. 

Probability of Marriage of Bachelors. — Annual Marriage Bate 

perlOQ. 



Ages. 


Writers to the 

Signet 
Widows' Fiind. 


General 
Population. 


Peerage. 


Schoolmasters' 
Widows' Fund. 


Ministers' 
Widows' Fund. 


4i-49 
49-54 
54r-59 


2-781 
1-254 
2-228 


1-448 
•705 
•349 


1-977 
1074 
1046 


2-297 
1558 
1-181 


4135 
3-533 

2-090 



"In estimating the chance of marriage in the case of General 
McDonald, the actuary had before him Mr. Huie's tables (published 
in the year 1868), and also the statistics of the rate of marriage 
among the families of the peerage, compiled . by Mr. A. Day, and 
given in the 10th volume of the Journal of the Institute of Actuaries ^ 
p. 186. The former tables indicated that the probability of a bachelor 
of 48 marrying at some future time was 17 in 100 according to the 
experience of the schoolmasters, and 33 in 100 according to the 
experience of the ministers. The actuary considered that the special 
circumstances of the ministers rendered their experience a very unsafe 
guide in the present instance, and he accordingly discarded the pro- 
babilit}' deduced from it. Mr. Day's statistics showed that the 
probability of marriage, according to the peerage experience, was 11 
in 100 for a bachelor of 48, and 13 in 100 for a bachelor of 47. 
Comparing these figures with the probability of 17 in 100 above 
mentioned, the actuary came to the conclusion that 15 in 100 would 
be a very fair estimate of the chance. He has since had the advantage 
of examining tables of probabilities of marriage given by Mr. James 
Meikle in his report on the Widows' Fund of the Faculty of Advo- 
cates as at 15 May 1877. According to these, the probability of 
marriage for an unmarried advocate of 48 is 12 in 100. K it should 
be considered that the probability of a military man of 48 marrying is 
not greater than that of an advocate of the same age, the actuary's 
estimate of 15 in 100 is rather too high. 

" Assuming the whole estate to be a capital sum of £48,000 (or a 
perpetuity of £1,680 per annum), to be divided according to the 
interests of the parties present and prospective therein, the actuary 
finds that, neglecting aU questions as to probability of marriage and 
issue, also all questions as to the terminable rent charges, and taking 
Captain McDonald at his real age of 44 (or, in other words, assuming 
him to be an average life), the values of the interests of the heir in 
won and the other heirs-substitute would be as follows : — 
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Heir. 


Value of the 

Life Interests, 

Immediate 

and 

Beversionary. 


Value of the 

Probability of 

sncceeiling to 

the Fee-simple 

by outliving 

all the other 

Heirs. 


Value of 

Total 
Interests. 


Value of 

Total Interests, 

deducting the 

£5,000. 


General M'Donald . 
Oftptain M<I>on&ld . 
MiM EUzabeth M'Bonald 
Miss Adrijua M'Donald . 
Miss Jemima M'Donald . 


£24,217 

6,070 

1,536 

991 

1,030 


£2,641 
3,691 
2,043 
2,354 
3,427 


£26,858 
9,76^ 
3,579 
8,345 
4,457 


£24,060 
8,744 
3,206 
2,997 
3,993 


£33,844 


£14,156 


£48,000 


£43,000 



" If the £5,000 of improvement outlay is allowed as a charge on 
the estate, the values will he rateahly diminished, as shown in the last 
column." 

After hearing counsel for the parties further on the cause^ and 
on the second report by Mr. Sprague, their Lordships of the 
Second Division gave judgement as follows : — 

LoBD Justice-Clerk. — This case raises some questions of con- 
siderable importance and of some difficulty in regard to some of the 
clauses of the statute of 1875, under which an heir of entail in pos- 
session may, on certain conditions, acquire the estate in fee-simple. 

The position of the present case is this : — The heir in possession, 
who petitions, is Major-General M'Donald, and the succeeding heirs 
whose interest is now in question are, first, his brother. Captain 
M'Donald, and then two sisters. The question is, on what principles 
the interests of these succeeding heirs are to be determined. In 
regard to Captain M'Donald, the younger brother, he has given his 
consent, and therefore as far as his interest is concerned no question 
arises. But, of course, in order to ascertain what the value of the 
expectancy of the two sisters is, it is necessary to estimate, in the 
first place, certain chances of life and marriage in regard to the heir 
in possession, and, in the second place, the similar chances of the 
next heir. Captain M'Donald. Then, again, in regard to the two 
last heirs, it is necessary, according to one view which has been 
maintained, to see not only what the value of their own chances or 
expectancy of succeeding to this entailed estate may be, but also 
whether the fact that a remaining sister, who is not within this 
enquiry at all, is or is said to be the last member of the destination, 
gives an additional value to the expectancy of these three heirs of 
entail, as well as to that of the heir in possession. * • • 

The next question relates to the chance of Geneittl M'Donald 
marrying, in regard to which we asked the actuary to give us some 
detail. I am quite satisfied to accept Mr. Sprague's view upon that 
matter ; and therefore I have nothing further to say in regard to the 
report so &r as it relates to that question. I might have supposed 
that, in the case of a militaiy man in possession of a landed estate, the 
probabilities of marriage were as high as in the case of one in any 
other social position ; but I am quite content with the report. 
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The next question relates to Captain M*Donald*s interest. Now, 
Captain McDonald is a consenting heir, and makes no claim under 
this application. He does not want to saddle the entailed estate or 
the heir in possession with any payment. But it is said that, in 
estimating the interest of the two succeeding heirs, the life of Captain 
McDonald is not to be taken as an average life, but as one far within 
the average ; and, instead of assuming his chances of life as those of a 
man of his actual age, which is forty-four, the actuary has so far 
weighted him as to assume him to be of the age of sixty-four. That 
is rather an arbitrary proceeding, because it depends upon information 
not obtained judicially, but furnished ex parte to the actuary ; and 
the question comes to be this, whether, in estimating the chances of 
life for such an enquiry as this, we are to take what is an average or 
an assumption from the tables, or to ascertain the fact for ourselves. 
I do not wish to give any opinion on the general question so raised, 
which, 1 think, is of very considerable importance ; and I do not wish 
to give any sanction to the notion that in all cases it is either neces- 
sary or right that we should have a report or an investigation such as 
would be required by an insurance company if a life were offered for 
a policy. I do not say so, and I see very considerable difficulties in 
laying down any such proposition. But in this case we have been 
given to understand that, to remove all objection. Captain M' Donald 
is willing to have his chances of life ascertained as a matter of fact. 
It may be better, if there are no obstacles in the way, to ascertain 
the fact according to the truth of it than to strike an average which 
may not be, and in this case probably is not, consistent with the fact. 
To assume the life as an average one may be a very proper and right 
thing in the ordinary case. In the present case, I am far from saying 
that Captain McDonald could have been obliged to submit to any 
such investigation, or that the parties in this case would not have 
been entitled to assume an average because he would not consent. 
His consent removes any difficulty I had, and 1 am disposed on that 
footing, without expressing any opinion on that question, to allow his 
chances of life to be ascertained by actual examination. 

I do not think it necessary to go in detail into any of the other 
objections, excepting one, on which I have felt the greaitest difficulty 
in this investigation. It is claimed on the part of tlie two ladies who 
are the two last heirs of entail under this a])plication, that their 
interests are not only to be estimated according to their expectancy 
to succeed to an estate subject to the fetters of an entail, but that we 
must take into account the chances of the third sister, who is said to 
be the last substitute of entail — the last member of the destination — 
predeceasing them, and so opening the succession to the estate in fee- 
simple to one or other of them. It is said that this is pai*t of the 
expectancy ; and the result, as brought out by the actuary, is that the 
amount which the heir in possession will be obliged to pay as the 
value of the defenders' expectancy, is more than doubled by adding the 
value of the fee-simple to the value of the entail. I have come to be 
of opinion that that is not a legitimate element in the enquiry ; that 
what the heir in possession is bound to do, is to satisfy the interests 
of that limited number of the heirs-substitute in regard to the suc- 
cession under the entail. The have a contingent succession under 
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the fetters of the entail. It is only under the fetters of the entail 
that they have anj valuable expectancy at all. I do not think it 
consistent therefore with that provision, that we should value all the 
contingencies by which the fetters of the entail can be defeated. It 
is manifest that there are many that might be suggested, apart alto- 
gether from the entail running out and coming to the last member of 
the destination. Farther, before the sisters can make out that they 
have any such interest, there must be a proceeding to value the 
expectation of life of one of the heirs of entail who is not involved in 
this enquiry at all. The statute implies that the heir in possession is 
to have the whole fee-simple of the estate, provided he satisfy the 
chances of a limited number. In regard to the rest, their chances of 
life are of no moment whatever, nor do these, in my opinion, form 
any legitimate element of enquiry. The estate is the property of the 
heir in possession in fee-simple, excepting in so far as he is burdened 
by the interests of the substitute heirs. Therefore, if the heir of 
entail in possession is to be considered as a fee-simple proprietor, 
burdened only by the expectancy of a certain number of the members 
of the destination, he does enough, I think, when he satisfies those 
members of the destination for the interest which they might have 
succeeded to under the fetters of the entail. Beyond that I do not 
think it is desirable that we should go. 

The case of J)e Virfe, which was referred to, was a case of a 
difierent kind, and there certainly an allowance was made for the 
chances of one of the heirs, within the limit, disentailing the estate. 
I must fairly own that I think that question, if it occurred again, 
would well deserve to be reconsidered ; and the Court certainly and 
the actuaries were very much at a loss to know on what footing 
such an element or contingency should be valued. But that is a 
totally diflerent matter from going outside the heirs whose interest is 
really in question, and going on to one, two, or it may be a dozen 
heirs- substitute, to ascertain whether the chances of survivance would 
give them an appreciable interest in the destination running out and 
the acquisition of the estate in fee-simple. I do not think that that 
is a Intimate subject of enquiry. I am quite aware that cases 
might be put where considerable hardship may arise. Supposing the 
next heir of entail or the second heir of entail was himself the last 
member of the destination, it would be hard certainly that that 
interest, which is defeated by the disentail, should not be valued. 
But still the policy of the statute was to take the heir in possession 
as the fee-simple proprietor, and relieve him of the fetters on his 
allowing the substitute heirs the real value of their interest under 
the fetters of the entail. 

On the whole matter, I propose, if your Lordships concur in the 
views I have expressed, that we should make findings to that effect, 
and then send the case back to the Lord Ordinary to have these given 
effect to in figures, and have the rest of the questions between the 
parties disposed of. 

LOBD Obmidale. — In this application by the petitioner. General 
McDonald, for the disentail of the estates described in the petition, it 
has become necessary to ascertain, in terms of the 6th section of 
''The Entail Amendment (Scotland) Act, 1875", the value in money 
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of the expectanc}' or interest in the entailed estates of Misses Eliza- 
beth Moore Menzies McDonald and Adriana M'Donald, the second 
and third substitute heirs of entail, the terms upon which the 
expectancy or interest of Captain John Alan McDonald, the first of 
the substitute heirs of entail, is to be valued, having been arranged 
extrajudicially. « • • « • 

3. The third objection, which the Lord Ordinary has repelled, 
involves, as his Lordship remarks, considerations of great importance. 
The objector has submitted that the actual age of Captain McDonald 
should alone be dealt with, irrespective altogether of his state of 
health, past or present, even were it so bad as to lead to the conclusion 
that he had only a few months to live. It appears to me that the 
views of the Lord Ordinary on this point are substantially sound. I 
can find nothing in the statute requiring that the actual age should 
alone be taken into view. On the contrary, the statute is quite 
general in its terms, and does not prescribe, in any respect, the 
Emits of enquiry. So far as this point is concerned, it is undoubted 
that the state of Captain McDonald's health may very materially 
afPect the expectancy or interest of the subsequent heirs in the 
entailed estates. Why, therefore, the state of Captain M'Donald's 
health as affecting the duration of his life is to be excluded from 
consideration I fail to see. At the same time, I can quite well 
understand that cases may occur, in regard to which it might be 
practically impossible to ascertain the true condition of an heir of 
entail as regards health and prospect of survivance ; and in such cases 
there might be no alternative but to take the actual age. The 
present, however, is not a case of that description, seeing that Captain 
McDonald has no objection to submit to a medical examination as to 
his state of health; and that being so, I deem it unnecessary at 
present to determine whether in what, it in any circumstances, the 
medical examination of an heir of entail could not be enforced. And 
in the present case, it will be for the Lord Ordinary' to consider in what 
way the true condition of Captain McDonald as regards his prospect 
of survivance, can be best ascertained. For my own part, 1 should 
think a direct remit from the Lord Ordinary to one or two medical 
men of eminence to examine Captain McDonald and report, would 
prove satisfactory. I do not think, however, that the medical exami- 
nation of an heir of entail, as regards his or her capability of having 
issue, ought to be entertained, and this for obvious reasons. 

7 and 8. These objections raise considerations of importance, and, 
in my view of them, they are attended with not a little diflBoulty. 
But, ultimately, I have felt myself unable to resist the conclusion, 
that the chances or probabilities of the second and third heirs coming 
to be fee-simple proprietors of the estates, do not fonn legitimate 
elements in valuing their interest in the entailed estates. It must be 
borne in mind that it is not the value of the heirs' " consent " to the 
disentail, but the value of their expectancy or interest as heirs of 
entail in the entailed estates, which falls, in terms of the statute, to 
be estimated. This may make a substantial difference. In valuing 
the "consent" of the heirs, — if that had been the question, — ^the 
chance or probability of their coming to have right to the estates in 
fee-simple might reasonably enough be urged by them for calculation ; 
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but the question under the statute is not the value of the heirs' 
" consent", but of their expectancy or interest as heirs of* entail in the 
entailed estates. This distinction is noticed by Lord Kutherfurd 
Clark in the elaborate note issued by him as Lord Ordinary in remit- 
ting the case of" WiUon v. De Virte a second time to the actuary for 
an amended report; and his Lordship's views seem to have been 
approved of by the Court. It is true that the precise question as it 
has here to be determined, was neither raised nor decided in the case 
referred to ; but I think it is to some extent indirectly dealt with in 
that case, adversely to the views entertained by the present Lord 
Ordinary. I am therefore, especially as I understand that both your 
Lordships have come to the same conclusion, for sustaining the 7th 
and 8th objections, and to that effect altering the Lord Ordinary's 
interlocutor. 

10. I agree with the Lord Ordinary in thinking that this objection 
cannot be disposed of at present. I may here, however, remark, with 
reference to the probability of the heir in possession marrying and 
having issue, that so far av I see, there is no reason for holding that 
there is not as much chance of this as regards General McDonald 
as in regard to any other gentleman of his position and circumstances. 
In short, it appears to me that such a chance in the case of General 
McDonald ought to be calculated according to the highest scale 
applicable to such a matter. 

Lord Giffohd. — This petition raises some questions of very 
great difficulty under the 5th section of the Entail Amendment Act 
of 1875, and these questions are of great importance, for they will 
constantly occur in similar applications under the statute, and their 
determination may constitute a rule for all future cases. * • 

The third objection raises a question of very great nicety and 
difficulty, and I am sorry to have the misfortune to differ from your 
Lord8hi})s. In estimating the value of the interest of M isses Elizabeth 
and Adriana M'Donald, it is necessary to asceiiiain the value of the 
expectancy of Captain McDonald, their younger brother, but who 
precedes them in the order of the destination. Captain M'Donald 
is forty-four years of age, and is at present in good health ; but it 
is stated that he has suiiered from certain ailments, which it is said 
have had the effect of reducing his prospect of life greatly below the 
average of persons of his age ; and the question is, whether Captain 
McDonald's prospect of life is to be taken at his actual age — that is, 
at an ordinary average life — or whether allowance is to be made for 
the injurious effects of the ailments from which he has suffered, by 
taking his age to be much greater than it really is. It is proposed 
to calculate Captain McDonald's interest as if he were sixty-four years 
of age, whereas his actual age is only forty-four. There is also a 
question whether any allowance is to be made for the possibility that 
Captain M'Donald may yet have issue. It is stated that Captain 
M'Donald is quite willing to submit to any medical examination. 

I have felt the greatest hesitation in coming to a conclusion on 
the questions thus raised. I feel the full force of the observation 
that the pecuniary interest of an heir of entail in the entailed estate 
does not depend upon his age alone, but upon his state of health, and 
upon everything which affects, however remotely, his prospects of 
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life or of survivance ; and, however recondite or difficult of ascertain- 
ment the circumstances may be, however far the enquiry may stretch, 
and however delicate it may become, it is impossible to deny that 
everything which affects Captain M*Donald*s chances of life or 
chances of having issue, will and must affect the probabilities of the 
succession of his elder sisters, who are the heirs next called in the 
destination after him and his issue. I think it must be admitted 
that if either Captain M'Donald or his sisters were selling in open 
market their expect-ancy or chance of succeeding under the entail, 
every circumstance, both of health aud of habits, of the preceding 
heirs, every incident of ancestral history, and every peculiarity of per- 
sonal constitution in mind or in body, in habit and in conduct, would 
be taken into account by a prudent purchaser, who would form his 
estimate on the widest possible induction ; and there is undoubted 
force in the observation that what a purchaser would do in the open 
market in estimating and ascertaining value, the Court must do 
under the very general words of the statute. I confess this was the 
impression I formed in the earlier stages of the argument. 

But I have come to be of opinion, though still with doubt aud 
hesitation, that however accurate in a philosophical or scientific 
aspect the view suggested may be, it is not possible to carry it out 
in practice. The enquiry must be limited somewhere ; and the Court 
cannot be called upon to guess, as a private purchaser might and 
probably would do, as to the effect of remote circumstances, or as to 
the probabilities arising from bodily, mental, or moral constitution 
or habits. Many of these peculiaiities it is practically impossible to 
ascertain— even after the utmost enquiry they can only be guessed 
at. In other cases delicacy forbids the enquiry — for example, in 
reference to capacity for procreating issue ; and in almost all cases, 
the uncertainty of the result seems to suggest the extreme inexpediency 
of entering upon such an investigation. 

In the present case it is proposed to enquire into the effect of the 
ailments from which sometime ago (I understand many years ago) 
Captain McDonald suffered ; and it is said that in Captain M 'Donald's 
case this enquiry will not be very difficult. It is not stated what 
were the ailments, or what was their nature. Now, I do not myself 
see where such an enquiry would stop, either in this or in any other 
similar case. Captain McDonald is in good health at present; and 
the question is not as to his present state of health, but as to the 
effect of lesions or injuries suffered at a peiiod more or less remote. 
It is not said that a medical man could form an opinion merely by 
seeing Captain McDonald. He must also be informed of bygone 
facts regarding diseases which mere examination of the person would 
not disclose, and these facts must depend. on testimony. I think 
that no two independent medical men would agree as to the effect of 
these bygone injuries — probably not even as to their nature — or on 
the questions, how far have the effects disappeared P how far may 
the effects disappear still farther as time advances ? will nature not 
effect a complete cure ? or may not the effects be counteracted by 
constitution or by care ? may Captain McDonald not avoid risk by 
precautions or by medical aid ? may he not survive the risks as he 
becomes older? — and so on. Such questions might be put almost 
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indefinitely, and they would, or might probably, all be differently 
answered by medical or other experts. How is the Court to de;il 
with such a proof? It is said all this will be settled by the opinion 
of one medical reporter. But this would be just delegating to a 
medical expert the questions of fact of which the Court are to judge ; 
and would virtually amount to a reference of the whole question of 
yalue to an arbitrator whose judgement would be final, and into whose 
grounds of judgement the Court could not go. 

Still further. Captain M'Donald might decline to submit to any 
medical examination whatever, and I rather think he could not be 
compelled to do so. It is not the value of his o\vn interest that is in 
dispute, but only that of his two sisters. Captain M*Donald*s interest 
has been already settled by agreement, and must be so settled under 
the statute ; for he is the next heir to the petitioner — that is, the heir- 
presumptive ; and by the statute he cannot be compelled to consent, 
and may at his own pleasure stop the disentail altogether, or may 
name his own price. I do not think he could be compelled to submit 
to unpleasant and painful examination.^, merely to ascertain the 
interests of third parties with whom he has no contract and no 
privity, and with whom he might not even have relationship. It is 
true he is willing to be examined ; but I think we must look to 
principle in such cases, for the next case may be one in which a 
party situated as Captain M'Donald is may refuse to be examined, 
and a statutory value must not de]>end upon the accident of a person 
being willing or unwilling to undergo examination, and I think it 
safest to decide this case irrespective of that willingness. 

It is urged, and with great force, that all insurance companies 
have regard not to mere age but also to the actual state of health, 
and, it may be added, to the state of habits of the person whose life 
is assured. This is true to a certain extent, but it does not go very 
far. No doubt insurance companies do enquire into the health and 
habits of the person whose life they assure ; but this is only to 
estimate the conditions of the applicant for assurance, and even this 
does not always apply. For example, in selling an annuity, insurance 
companies are not in the habit of making any enquiry ; and, as a rule, 
they will not give a larger annuity on an allegation that the annuitant 
is a bad life or has bad habits. And in dealing with reversions 
dependent on the lives of third parties, insurance companies, unless 
I am greatly mistaken, take the ages of third parties on which the 
reversion depends, and whom they have no right to examine, at the 
actual age, and not at any suppositious age fixed on an enquiry as to 
special circumstances affecting the health or conduct of such third 
parties. Now, this is the analogy which I think really applies to the 
present case, and perhaps affords something like a test for trying the 
present question. 

For what is it that Misses Elizabeth and Adriana M'Donald are 
to receive ? It is the value of their reversionary interest — ^that is, a 
sum which would buy for them from an insurance or revei'sion 
company, a contingent annuity exactly equal to the net rents of the 
entailed estate, and only to be enjoyed when and as if they had 
succeeded to the entailed estate. Now, in purchasing such a con. 
tingent and reversionary annuity, an insurance company would not 
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sell it to the Misses McDonald for a less sum on the allegation that 
Captain M' Donald, one of the preceding heirs, was an exceptional 
life, or that his habits or profession or employment tended either to 
lengthen or to shorten life. A private speculator might possibly do 
this, but an ordinary insurance company or the Government so far 
as it sells annuities would refuse to estimate such remote, uncertain, 
and incalculable probabilities, and would merely take the age and 
the ordinary probabilities of life as deduced from the Government 
or the insurance tables, and I think this is the safe, if not the only 
practicable course in the present case. 

Still further, if, because Captain McDonald unfortunately years 
ago suffered from certain ailments, you are to shorten his probabilities 
oi life either by twenty years or by any other number, I think it would 
follow that if it were alleged that Captain M'Donald were a better 
life than the average, this also must be allowed for and estimated. 
If you are to reduce the average by adverse circumstances, 1 think 
you must also enlarge it by favourable ones, otherwise it would be 
a most one-sided rule. Suppose it could be said truly that Captain 
McDonald's constitution was far better than the average — that he 
never had a disease or a trace of a disease affecting life, that he came 
of a long-lived family, and that his habits and conduct made it certain 
that he should inherit the years of his fathers, I do not see why all 
this should not be as relevant for enquiry as the contrary view. 
Certainly a private purchaser of the Misses M*Donald's reversion 
would take all this into account, and wisely so ; but the question is, 
can the Court embark upon such an enquiry? or must it, just as 
insurance companies practically do when they sell a postponed and 
contingent annuity — contingent uj^on other lives — ignore such con- 
siderations as too remote, and proceed only on the average view ? 

Without going into further explanatory details, I think, on the 
whole, that Captain M'Donald*s chance of life should be taken at his 
actual age of forty-four, and not at an assumed age of sixty-four, or 
at any other age than his actual one. I think any other course 
would be unsafe, and would lead to tedious, expensive, and uncertain 
investigations. I do not see, except of consent, how the questions 
raised, being mainh' questions of fact — that is, bygone facts — could be 
ftottled otherwise than on a proof. I do not think we could compel 
the parties to take the result of an expert's enquiries as final, except 
both parties agreed. 

I am also very clearly of opinion that no enquiry or proof can be 
allowed, as to the probability of Captain M'Donald having issue'either 
of his present or of any future marriage. 

I agree with the Lord Ordinary in reference to the sixth objection. 
It so happens that the mode adopted by the actuary is the most 
unfavourable for the petitioner, because of the dates on which the 
birthdays chance to fall, as compared with 14 November 1877. It 
would be preferable to take either the last or the next birthdays with 
reference to each of the parties. It will make little difference in this 
case whether the last birthdays or the next birthdays are taken. 

The seventh objection raises a question of great and of general 
interest, and I must add also of very great difficulty. The question 
is, whether, in estimating the interest or expectancy of Misses 
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Elizabeth and Adriana M'Donald, the actuary must take into 
account the possibility that one or other of these ladies might, by 
surviving all the other heirs of entail, become the last member of the 
destination, and so acquire the estate in fee-simple. This raises a 
question of principle of the broadest kind. It is undoubted that 
each of the two ladies has a possible chance of this occurring, and 
there are strong grounds for maintaining that this chance is a valuable 
one, and must be estimated in fixing the value of the interest. 

The words of the statute are very general. The Court is directed 
to " ascertain the value in money of the expectancy or interest in the 
entailed estate with reference to such application of such heir or heirs 
declining or refusing or incapacitated to give consent as aforesaid " ; 
and we must apply these words to the circumstances of each case. 
I have come to be of opinion that the interest to be valued is the 
interest in the entailed estate, and not the interest in a possible fee- 
simple estate which can only emerge after the entail has expired and 
come to an end. The possibility that the ent^ may expire while the 
estate is in the possession of one or other of A| ladies, is not a right 
under the entail, but a right at common la^ which will only arise 
when there is no entail in existence ; and I do not think that the 
statute intended that the chances of the entail failing altogether, 
and the value of a spes successionis at common law, should be esti- 
mated. The thing which is to be valued is "the exjjectancy or 
interest in the entailed estate ", not the expectancy of getting a 
fee-simple estate as the heir alioqui successurus at common law. 
The chance of being heir at common law the ladies will still have 
notwithstanding the disentail, only that right will be defeasible as 
a fee-simple succession, and I incline to think that this is what the 
statute intended. To give the heirs more than the value of the 
entailed succession would be to give them the value of a common law 
spes successionis, which they have not as heirs of entail at all, but 
as beirs-at-law of the granter. 

The view I take is this: the petitioner. General McDonald, is 
absolute proprietor of the estate, subject only to the deed of entail. 
He is not, as has sometimes been contended, a mere liferenter of the 
estate with certain powers, or one of a series of liferenters ; on the 
contrary, he is fiar of the estate — strictly and properly fiar — subject 
only to the disabilities created by the entail. Accordingly, when the 
law gives him the power of disentailing, it simply enables him to 
enlarge his radical right of fee by removing the disabilities ; and the 
whole benefit of the enlargement accrues to him and not to the 
consenting heirs. They only get the value of their entailed interest. 
It was on this principle that De Virte's case was decided; and 
this decision altered what it appeared was the practice or under- 
standing of actuaries previous to its date. The actuarial view was 
that, after deducting the life-interest of the heir in possession and 
the life-interests and value of the powers of consenting heirs, the 
surplus value, as it was called, should be divided rateably among the 
heir in possession and the consenting heirs; but this view was 
negatived. The whole surplus value, as it was called, goes not to 
the heirs rateably, but solely to the heir in possession ; and the heirs 
whose interests are to be valued, only get the value of their interests 
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and no more. The whole value of the, estate goes to the heir in 
possession, subject only to deduction, in the present case, of what he 
has agreed to pay to Captain McDonald, and the value of the interests 
of Misses Elizabeth and Adriana M 'Donald. There is a fourth heir, 
Miss Jemima M*Donald ; but then under the statute she is to get 
nothing, and I think it is not right to take her into account at all 
in order to enhance the shares of Elizabeth and Adriana. If Miss 
Jemima's interest required to be calculated — and admittedly this 
must be done if the fee-simple is to be taken into account — I do not 
see where the process would stop. There might have been several 
heirs named after Miss Jemima, and although this would diminish 
the prospect of the fee-simple estate, it would still remain a very 
valuable prospect and quite capable of being valued in money. I 
think the statute meant to draw the line at the end of the three next 
heirs, and to exclude more distant heirs altogether either as to their 
chance of liferent or of fee. On this point, therefore, though not 
without diffidence, I am for altering the judgement of the Lord 
Ordinary. 

The only other question an^ued related, I think, to the probability 
of General M*Donald, the petitioner and heir in possession, marrying 
and having issue. General McDonald is only forty -eight years old, 
in good health, and in the possession and enjo^^ment of a very con- 
siderable entailed estate. I think the probabilities that he may 
marry and have issue are in his case at least as high as they w^ould 
bo in the case of any other man of the same age. I should even go 
further, and say that it is more likely that a bachelor heir of entail 
in good health, in possession of an entailed estate yielding £1,700 
a yt^ar, will marry than almost anybody of the same age, unless they 
also are in possession of an independence. I think, therefore, this 
probability should be taken on the highest scale shown on any of 
the tables referred to. 

Lord Justice-Clerk. — I have already stated that if I were to 
judge of this last matter simply by my own lights, I should be inclined 
very much to the result Lord Giliord points at ; but I am not inclined 
to differ from a professional actuary, like Mr. Sprague, on such a matter. 

The Court pronounced this interlocutor, on 16 January 1879 : — 

" Find in regard to the 4th and alternative objection that the 
chances of Captain McDonald's life ought, in respect of Captain 
M*l)onald's consent, to be ascertained in the ordinary way by such 
])rofessional examination and report as the Lord Ordinary may direct : 
Sustain the 7th and 8th objections, and to that effect alter the Lord 
Ordinary's interlocutor: Quoad ultra adhere to said interlocutor, 
and with these findings remit to the Lord Ordinary to give effect to 
them, and to proceed with the cause; and reserve all questions of 
expenses." 

The cause having accordingly gone back to the Outer House, 
the Lord Ordinary (Lord Adam) on 13 February 1879 pro- 
nounced this interlocutor : — " Remits to Professor W. R. 
Sanders, M.D., and Dr. Claud Muirhead, to examine Captain 
McDonald, and to report as to the chances of Captain M'Donald^s 



1881.] Dalchosnie Disentail Case. 09 

life, and liow many years, if any, should be added to his age in 
estimating the value of the expectancy of the second and third 
heirs of entail, and recommends them to communicate with 
Mr. T. B. Sprague before reporting/' 

Captain McDonald, on being asked whether he would consent 
to be examined, replied that he would only do so on condition of 
the examiner bringing an autograph letter of authority from 
General McDonald, the petitioner. General McDonald declined 
to grant such a letter, and the Lord Ordinary reported the case to 
the Second Division for directions how he should proceed. 

Parties were again heard : 19 March 1879. 

Argued for the Misses McDonald ; — ^Their contention remained 
the same as before, that it was the business of the petitioner to 
make out to the satisfaction of the Court the value of the interests 
of the second and third heirs, and one factor of that value was the 
ehance of life of the intermediate heir. This chance could not be 
ascertained without regard to the facts which were now in dispute. 
The most satisfactory course was a medical examination of Captain 
McDonald ; but if that was impossible, the Misses McDonald were 
entitled to the ordinary right of litigants, namely, a proof of their 
averments, all the more so because they were not in petitorio ; 
they had no wish to sell their interests ; the statute obliged them 
to sell, but only on being paid the value of their interests. There 
eould be no doubt as to the relevancy of their averment, and none 
as to the materiality. Could the Court possibly declare that the 
value had, in the words of the statute, been ascertained to their 
satisfaction, when it was alleged that circumstances existed which 
would make a difference of £3,000 or £4,000 in the amount f 
In short, there were only two courses open to the Court. They 
must find either that there must be an enquiry, or else that a 
condition which the statute had said should be a condition pre- 
cedent had not been complied with, and that the disentail could 
not proceed. The argument on the other side mixed up two 
different questions — the competency of an enquiry at all, and the 
expediency of certain lines of investigation. It constantly hap- 
pened that the best evidence was not available. Any objection to 
a particular line of investigation would be perfectly open to the 
petitioner. 

Argued for the petitioner; — The Court would not order 
Captain McDonald to submit to a medical examination,* and 

• Dayidson v. Dftvidson, 11 Feb. 1860, 22 D. 749, 82 Scot. Jur. 805. 
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accordingly the only question was whether a proof prout de jure 
Bhould be allowed as to the state of a living person. The radical 
difficulty was that he was not a party to the petition^ and had no 
interest in it. The very difficulty of carrying out an enquiiy 
showed that the Legislaturc did not intend that any such enquiry 
should take place. The statute contemplated a summary pro- 
cedure^ and not one involving a vast field of enquiry. 
At advising, — 

LoBD Ormidale, after stating the circumstances under which the 
case came before the Court, said : — For myself I should have been 
disposed to appoint the petitioner, General M 'Donald, to grant the 
authority asked for by Captain McDonald, if this had been insisted 
for by the respondents ; but as the petitioner objected to grant the 
requisite letter of authority, and as the I'espondents did nut ask that 
he should be ordained to do so, but preferred that the Lord Ordinary 
should be directed to allow a proof in ordinary terms in regard to the 
probable duration of Captain McDonald's life, 1 am of opinion that 
this is the course which should be adopted, the petitioner, General 
McDonald, leading in the proof. But this course was strenuously 
opposed on the part of the petitioner ; and it was contended by him 
that now, in consequence of" it tuniiug out that Captain M'Donald 
would not unconditionally submit to a medical examination, there 
was no alternative but to take his actual age as the basis for calcu- 
lating the probable duration of his life; and that at any rate, sup- 
posing a proof to be allowed, it lay upon the respondents to lead in 
the proof. 

The subordinate question as to which of the parties ought to lead 
in the proof is comparatively of little moment, although I must say 
that it appears to me that it lies on the petitioner, as the party in 
petiiorio, and keeping in view that he is objecting to Mr. Sprague, 
the actuary's, report, to show, in the first instance, that twenty years 
ought not to be added to Captain McDonald's life ; but as this some- 
what technical point cannot, 1 think, be of much consequence, 1 am 
ready to acquiesce in holding that the lead in the proof should be 
taken by the respondents if that be the opinion of the rest of the Court. 

In regard, however, to the other question, whether any proof at 
all ought to be allowed, I am very clearly of opinion that it ought. 
I was of opinion, when the case was first considered by the Court, in 
disposing of the petitioner's objection to Mr. Sprague's report, and I 
am so still, that the Lord Ordinary was right in holding the ascertain- 
ment of Captain M'Donald's state of health to be essential ; and on 
this point, in place of repeating, or going over the arguments, pro 
and can, which were then considered and dealt with by the Court, I 
have to refer to the note by the Lord Ordinary to his interlocutor of 
13 July 1878, and the reported opinions of the Court in disposing of 
the petitioner's reclaiming note against that interlocutor. It must 
be kept in view that the petitioner's third objection to Mr. Sprague's 
report stands repelled by final interlocutor; and that his fourth 
objection, which relates only to the number of years which must be 
added to Captain McDonald's age, alone remains to be dis|>osed of. I 
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do not see, therefore, how the Courfc can now refuse to go into an 
^iquirj in some mode and to some extent as to the number of years 
that ought to be added to Captain M*Donald'8 age. I certainly 
cannot yield to the argument of the petitioner, that there is no com- 
petent mode of enquiry as to Captain M*Donald'8 probable duration 
of life except a medical examination, which he may not be obliged to 
submit to. At present the Court cannot, by anticipation, deal with 
tie proof that may or may not be tendered by the parties. But sup- 
posing that a medical examination of Captain M 'Don aid — inspect io 
corporis — is the best evidence that could be adduced, it would by no 
means follow that, failing such evidence, and it being shown that it 
is not attainable, other, although secondary, evidence may not be 
competent. It rather appears to me that such evidence would be 
admissible, provided all has been done to adduce the best evidence ; 
and any objection to such evidence by the petitioner, who refuses 
to grant the letter of authority required by Captain McDonald, ought 
not, I think, to receive much consideration. But, as I think it 
not unlikely that the respondents will have it in their power to 
adduce medical gentlemen who have recently examineid Captain 
McDonald and can speak perfectly well to his condition, in no view 
would the objection refeiTcd to apply. They may, for example, be 
able to adduce his ordinary medical attendant, and also Dr. Glynn, 
who subscribes the report No. 31 of process, and which was procured 
and laid before the actuary by the petitioner himself. They might 
also adduce Professor Sanders, who may be able to give good and 
unexceptionable evidence in regard to his, Captain McDonald's, pro- 
bable duration of life without again examining him ; for it would 
appear from the correspondence printed in the appendix of 4 March 
1879 that the Professor has already, not long since, examined the 
Captain. And, besides all this, the respondents may be able by 
unexceptionable evidence, medical as well as non-medical, to establish 
the important statements made by them in their answers, printed at 
pp. 9 and 10 of the appendix just referred to, and, in particular, the 
following statement — ** As regards Captain M'Donald himself, it is 
right to bring under the notice of the actuary the facts that in the 
year 1858 he fell over the clifPs at Kinsale and injured his head, and 
that he subsequently suffered from concussion of the brain. Abscesses 
formed in the wound which was made by the fall, and splinters of 
bone came away from time to time. In consequence of this fall he 
was an invalid for many months. He subsequently was obliged to 
leave the army in consequence of a medical board deciding that after 
his accident he could not stand a warm climate, and at or about that 
time he suffered very much from the heat at Gibraltar, where he was 
stationed. Since his discharge from the army he has been in very 
bad health, and subject to epileptic fits, and on several occasions his 
life has been almost despaired of. He had one of those fits so late 
as April 1877, at which time it was not expected he would survive. 
These circumstances, it is submitted, go materially to reduce the 
value of the life interest of Captain McDonald ; and that his life is 
not considered by himself a good one may be gathered from what is 
believed to be the arrangement under which his consent has been given, 
namely, that his wife shall be secured in an annuity after his death.*' 
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I am therefore of opinion that the Court ought now to direct the 
Lord Ordinary to allow the parties an opportunity of proving, kahili 
modo, what is the prohahle duration of Captain McDonald's life. 
And, if this course is taken, it will he for the Lord Ordinary to 
control the proof and direct how it should he taken. It may he 
assumed that the Lord Ordinary will not allow a proof of remote, 
indirect, and speculative views, the limit or effect of which could not 
he appreciated. Without going into any wild, remote, and conjectural 
or fanciful incidents in the career and hahits of Captain M'Donald, and 
still less of his ancestors, I can very well understand — and indeed in 
ordinary fairness to the parties must assume — that evidence only of an 
unexceptionahle description will alone he tendered and adduced hy them. 
Professor Sanders, and, it may be, others — ^the petitioner himself, 
for example — may be examined before the Lord Ordinary ; while the 
evidence of Dr. Glynn and other witnesses resident out of Scotland 
may be taken under a commission at no great expense. And it will 
be for the Lord Ordinary, on the proof being concluded, to determine 
the point at issue, after again advising, if he thinks it right, with 
Mr. Sprague, the actuary. 

Lord Gifford. — This case is now before us upon a verbal report 
by the Lord Ordinary (Lord Adam), asking for instructions in 
consequence of difficulties having arisen in carrying out the inter- 
locutor of 16 January 1879. The chief difficulty is that, contrary 
to the understanding of both parties when that interlocutor was 
pronounced, and which is embodied in the interlocutor itself, Captaia 
M'Donald has refused, except under certain conditions, which the 
Court have no power to enforce, to submit to a medical examination 
with a view to obtaining a medical report regarding his chances of 
life ; and the question now is, What steps should be taken to ascertain 
the value of Captain McDonald's life with a view to fix the value or 
interest of the two Misses M 'Donald, who are next substitutes to 
him, in the entailed succession P We are now asked to instruct the 
Lord Ordinary how to proceed. 

At last advising I was of opinion, having the misfortune to differ 
from your Lordships, that, in the special circumstances of the present 
case, there was no room, even of consent, to remit to a medical man 
to examine Captain M 'Donald, but that Captain M'Donald's life 
should be taken to be an average one according to his age. I thought 
that upon the averments of parties it would be inexpedient to allow 
either a proof at large of all facts and circumstances affecting the 
probabilities of the endurance of Captain M'Donald's life, or to direct 
a medical report on these probabilities. Indeed, I thought that an 
enquiry into all the facts averred by the Misses M 'Donald, as tending 
to shorten the probabilities of Captain M'DonaJd's survivance, was 
so highly inexpedient as to be impracticable ; and I went so far as to 
think that, whether Captain McDonald consented to be medically 
examined or not, no such enquiry should be entered upon, but that, 
from the necessity of the case, Captain M'Donald's life should 
simply be taken as an average one. I still think that a statutory 
value should not be made to depend upon such an accident as that 
of a party being willing or unwilling to submit to a medical exami* 
nation and inspection, but must be the same whether the party 
consents or not. 



1881.] Dalchosnie Disentail Case. 103 

To the opinion then expressed I still adhere, hut I feel, as I then 
felt, that the question is one of nicety and of difficulty. Kef erring 
to my former opinion, I have only one or two ohservations to add thereto. 

In the first place, if it had heen alleged that Captain McDonald 
was at the present moment labouring under some known and 
ascertainable disease attended with danger to life, or was suffering 
at present from some wound or accident which might or would 
probably lead to fatal consequences, I by no means say that such an 
averment would not be relevant or might not be enquired into. If 
Captain M' Donald had met with and were suffering from a railway 
or other accident, the consequences of which would certainly or even 
probably be fatal, or if he were in an advanced stage of consumption, 
or in the crisis of a fever, I do not say tbat these circumstances 
might not affect the value of the Misses McDonald's interest in the 
entailed succession. I reserve my opinion in such cases, and I Recline 
to say what would be the appropriate course — whether the proceedings 
should be sisted till the issue of the injuries or illness should be seen, 
or whether allowance should be made therefor, or what course should 
be taken in such circumstances. No such case is before us at present. 
Captain M' Donald is at present in good and average health. He is 
not at present labouring under any known or ascertainable disease, 
and he has sustained no injury from which there is to be dreaded in 
any reasonable sense a mortal or £Gital result. No mere medical 
examination — even supposing Captain M'Donald submitted thereto — 
would, apart from the ascertainment of past facts and past events in 
Captain McDonald's life and habits, or in his family history, enable 
any medical man to say, except as the merest guess, that his life was 
other than an average one, or that his age should be taken, instead 
of forty -four, his actual age, to be sixty-four, or any other assumed 
figure. It is in this position of matters that I think the enquiry 
demanded by the ladies, who are the next heirs of entail, ought not 
to be gone into. 

In the next place, I think the enquiry, if once opened, would in 
many cases be absolutely interminable. For what is it that the 
ladies propose to prove ? It is, of course, all circumstances tending 
to impair Captain McDonald's life, or to render it shorter than it 
otherwise would be. Every act and event in Captain McDonald's 
life and history would in this view be relevant. Youthful indiscretions, 
if any, might be ruthlessly hunted up. I am not merely supposing ; 
for I see in the papers before me that such are suggested, and, beyond 
all doubt, unless the enquiry is to be limited, such may be gone into 
and attempted to be proved. Captain McDonald's habits, his mode 
of living, his diet, and, in short, his whole being and surroundings, 
are to be asked about and sifted to the utmost — where he has lived 
and what he has done are to be ascertained, and guesses are to be 
made as to what he will probably do, and what care and precautions 
he will probably take. Nay, more, his ancestral history for gene- 
rations must be examined, for this, we know, is always made a 
material enquiry by insurance companies ; and all these are proper 
facts which cannot be ascertained by an expert by inspection, but 
must be ascertained by testimony or ordinary proof. I know not 
where such an enquiry would stop ; and I fear that if it were admitted 
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here it must be admitted in every case where a postponed heir of entail 
avers that the life of a previous heir is of less than the average value. 

Still farther, all this enquiry and evidence is not to be laid before 
a man of skill whose judgement as arbiter is to be final, but is to be 
submitted to this Court, that the Judges thereof may guess — for it 
could be nothing but a guess — how far the life is to be regarded as 
an inferior or as a deteriorated one. For myself, I am not at all 
qualified for such an enquiry ; and although, of course, if the duty is 
laid upon me, I must do the best I can, it will be with the utmost 
reluctance that I will pronounce a verdict saying how long it is 
probable Captain M'Donald will live. 

Of course I admit frankly and fully that in one sense all these 
enquiries are perfectly relevant. Everything that I have men- 
tioned, and multitudes of other things that might be mentioned, 
may possibly affect Captain McDonald's chance of life. Who is, and 
who probably will be, his medical attendant? has he aversion to 
taking medicine ? is he careless of himself? what care does his wife 
take of him ? where will he probably reside ? and so on, indefinitely, 
are all questions which a speculative purchaser of Captain McDonald's 
reversionary interests might fairly enquire into as far as possible, and 
might quite rightly take into account in forming a guess of what 
price as purchaser he will give for the reversion. But these matters 
are not to be made the subject of a proof at large before a court of 
law ; and the statute can never have intended that this Court were 
to enter into such enquiries, either directly or through a commissioner. 
But this, I apprehend, is what the Misses M'Donald ask — they ask 
a proof of all facts and circumstances tending to shew that Captain 
M*Donald's probabilities of life are less than the average. 

And then, as I formerly pointed out, the proof, if competent one 
wa}', must be competent the other way also. If the petitioner. General 
McDonald, had alleged that Captain McDonald's life was a better 
life than an average one, I do not see, on the principles contended 
for by the respondents, how we could have refused to allow such 
proof; and such proof may be demanded in the very next case that 
occurs under the statute. If averages are not to be taken, but each 
individual case is to stand by itself, then there will be as many 
special lives above the average as those which are below it. Tables 
of average will be useless, or almost useless, and the experience of the 
past will only point to multifold and endless investigation. 

And then Captain M*Donald, who is to be the unfortunate subject 
of all this investigation, is not a party to the present case, or to the 
present dispute, and has no interest therein to the extent of a single 
farthing. His consent has been already purchased and paid for as it 
must be under the statute ; and I more than question not only whether 
Captain McDonald could possibly be compelled to submit to medical 
inspection, but whether he could be compelled as a witness to disclose 
the secrets, not to say the possible peccaidilloes, of his whole past life. 

But suppose he was a party to the question, or suppose, what is 
still more pertinent, that the question had arisen, not regarding 
Captain M*Donald's probability of life, but regarding the probability 
of life of the respondents the Misses M*Donald themselves ; suppose 
the petitioner, General M'Donald, had averred that his two sisters, 
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the Misses McDonald, who are postponed to Captain M 'Donald in 
the tailzie, have bad lives — that they are likely to die very soon — 
and had therefore proposed to pay them under the statute a much 
less than the average vsdue of their reversion ; suppose he had proposed 
to state their ages at sixty instead of fifty and forty-nine, and that 
he had made the very same averments regarding them as they now do 
regarding their brother, — would your Lordships have allowed the 
petitioner a proof of such averments? 1 for one think not, and 
that although the ladies are necessarily parties to the proceedings in 
which they claim compensation or value of interest in respect of the 
disentail. 

In my former opinion I pointed out that no injustice is done and 
no prejudice suffered by taking Captain McDonald's life as an average 
one, — for although, when a life offers itself to an insurance company 
to be assured, the insurance company always makes very extensive 
enquiries into individual and family history, and even into personal 
habits of the proposer with whom they are making a contract, yet 
when selling or purchasing annuities they make no such enquiries ; 
and when the lives of third parties are in question, which very often 
happens, all such enquiries are almost necessarily excluded. On this 
point I refer to my former opinion. What the Misses McDonald 
ought to receive are sums which would enable them to purchase from 
ordinary reversion companies, with sufficient security, contingent 
annuities which they would have had the chance of enjoying if the* 
estate had not been disentailed. Such purchases can always be made 
without any such enquiry as that now proposed. They are made,. 
and necessarily so, upon averages. 

I am therefore of oi)inion that we should direct the Lord Ordinary 
to refuse the proof at large which is now demanded by the respondents,. 
and to ascertain the value of the " expectancy or interest " of the 
respondents, on the footing that Captain McDonald's life is an average 
one. I think there can be no other result. I reach this conclusion,. 
however, in the special circumstances of this case, and having regard 
to the nature of the respondent's averments, which I think would 
open a quite impracticable field of enquiry. 

LoBD Justice-Clebk. — I greatly regret that there should be a 
difference of opinion on the bench upon this question after the long 
and elaborate procedure that has taken place, and I regret it all the 
more because I must fairly own that I have not been able to come to 
so confident a view as your Lordships, or one altogether satisfactory 
to myself, as to the result. The case has been complicated by some- 
misadventure in the course of the proceedings, and I should not have 
been ill-pleased to have been able to deal with this on the procedure 
as a special case, without being put to resolving the more general 
question which Lord Ormidale and Lord GiHbrd have discussed, and 
on which they have differed. The duty which is laid upon us, on a 
motion to that effect by the petitioner, is to ascertain the value in 
money of the expectancy or interest In the entailed estate of these 
two ladies, being the second and third heirs in succession. Now,. 
that is the duty laid upon the Court. It is left to the Court to 
ascertain the value in any way they think fit ; and the first question 
is, what is the interest of these two expectant heirs of entail ? It is. 



106 Dalchosnie Disentail Case, [Oct. 

said that General McDonald is bound to satisfy tbe Court upon that 
matter, because he is the petitioner ; and to a certain extent that is 
a sound proposition. And he has satisfied the Court, I think, ko far 
as the burden is laid upon him, bj showing us the expectancy of life 
of Captain McDonald according to his age, and I <am very clearly of 
opinion that there is no ground whatever for saying that he was 
bound to go beyond that. But then it is objected by the two heirs 
who are not consenting heirs, that Captain McDonald's life is not to 
be taken as an average life according to his age, but that his is a special 
case, and that his expectancy of life is below the average ; and they 
say they are entitled to prove that in order to show what the value 
of their own expectancy and interest is. I must own, my Lords, 
that I do not look with much favour upon that contention. I do 
not deny there is a good deal to say for this logically, but in thi« 
family contention I am not particularly impressed in its favour ; but 
still it is one which they are entitled to have considered. The actuary 
to whom Lord Adam remitted this matter — a man of the highest 
position in his profession — entertained the statement which was made 
on the part of the heirs of entail, and made apparently' for the first 
time ; and he went into that question of whether the life was or was 
not an average one. I think it would have been better if the Court 
had, in the first place, had an opportunity of considering whether 
that was or was not a regular, desirable, or expedient course of inquirj'. 
However, the actuary in his report loaded Captain McDonald's life to 
an extent which made it that of a man of sixty-four instead of a man 
of forty-four, and the question came to be considered before us on 
objections ; and then it was stated that there need be no difficulty at 
all about the question of compelling Cjiptain M*Donald to submit to 
a medical examination, because he was quite willing to do so ; and 
on that footing, and that footing alone, the remit to the Lord Ordinary 
was made, which carried the case back to the Outer House. I wish 
it to be very clearly understood that, in agreeing to that course, I gave 
no opinion whatever upon the general question, and I explained that 
in the clearest and most distinct terms. 1 said that my inclination 
of opinion would probably have been the other way, but that since 
Captain McDonald was willing I could not say that it was not a 
material and relevant element in the inquiry. But it now seems 
that we were all under a mistake — ^that Captain M'Donald did not 
consent, and he has not consented ; and the result is that on the 
Lord Ordinary's report we must now decide what course we should 
follow. In these circumstances, I do not know that I should seriously 
object to what, if there is to be an enquiry, I should deem by far the 
most expedient as well as the most competent mode of it, by a remit 
to the gentleman who had previously examined Captain McDonald, 
and who by his previous information might be in a position to give 
us the information, before answer as to the effect of it, which we 
stand in need of. I have a very clear opinion that that is the proper 
course, in any circumstances of the kind, where we are obliged to 
have an enquiry to our own satisfaction. In any circumstances, I 
should have objected to a proof at large. What we are to decide is 
not a question of fact, because the fact of the expectancy of Captain 
McDonald's life is not ascertainable. No man can tell us how long 



1881.] Dalchosnie Disentail Case, 107 

he will live. Scientific men can only say what the average or pro- 
portion is of men of his age in regard to the length of time they are 
likely to live, and that is the expectancy as well as we can reach it. 
But that is a question of pure medical science, and if I had my way 
— if I had the power — I should have enquired into the scientific 
matter in regard to the medical question, just as I should have 
enquired into the scientific matter in regard to the actuarial question ; 
and, sending the actuarial question to a man of skill out of Court, 
I should have sent the medical question to a man of skill out of Court, 
and 1 should have heen inclined to choose a man who had information 
already on which he could have made his report, with such other 
enquiry as he might have found Captain M'Donald willing to submit 
to. I only say these things in explanation, because 1 understand 
your Lordships do not concur in that view, and therefore we are 
driven to decide the general question ; and on that general question 
my opinion is that no sufficient statement has been made by the two 
heirs of entail, to render it necessary that we should step out of the 
ordinary course, or ascertain this question of expectancy by any 
except the ordinary rules. 

It was accordingly decided that the cause should proceed on 
the footing that Captain McDonald's life^ is to be assumed to be 
an average life and to be estimated according to his present age. 

On 28 March the Lord Ordinary remitted it to Mr. Sprague 
to enquire and report, with the following (in addition to other) 
instructions : To allow as a deduction from the value of the estate 
the sam of i£3,995. 18«. h^d. expended by the petitioner on 
improvements; to take Captain McDonald's life as an average 
one j to proceed on the footing that the probabilities of the petitioner 
marrying and having issue, are as high as they would be in the 
case of any other man of the same age ; to take the ages of the 
several heirs as at their last birthdays ; and to keep in view that 
the 7th and 8th objections have been sustained by the Court. 

The following is taken from Mr. Sprague's thiid report in 
the matter (dated 28 April 1879) :— 

" As the annual value, £1,700, is almost exactly 3i per-cent on 
the selling value, £52,000, the reporter has adopted that rate of inte- 
rest as the basis of his calculations in the present report. 

*' He has allowed as a deduction from the estimated value of the 
lands the sum of £3,995. 18«. b\d.y as directed by your Lordship. 
Comndering this as a charge upon the estate, bearing interest at 
4 per-cent, it will give a deduction of £160 from the clear annual 
value, which will thus be reduced to £1,540. He has taken the a^es 
of the several heirs as at their last birthdays preceding 14 November 
1877, namely, General M'Donald 47, Captain M*J)onald 43, Miss 
£. M. M*Donald 50, and Miss A. McDonald 48. He has assumed 
Captain McDonald to be an average life for his age (43), and he has 
accordingly calculated the probability that he will have issue by a 
second wife, which probability was so small that it might be neglected 
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when Captain McDonald was taken at 20 years' addition to his real 
age. Taking into consideration the age of his wife (42), and the 
fact that they have been married for many years, the probability of 
Captain McDonald having issue by his present marriage is so small as 
to be inappreciable. There is, however, the probability that his wife 
may die before him, and that he may have issue by a second wife. In 
order to estimate the probability of this, a series of somewhat involved 
calculations have to be gone through. It is necessary to calculate 
for each year during which Captain M*Donald may be alive, the various 
probabilities — (1) that his wife will be dead; (2) that he will be 
alive ; (3) that he will marry a second time ; and (4) that the 
man'iage will be fruitful. In this way the actuary arrives at the 
conclusion that the probability of Captain M'Donald having issue is 5 
per-cent, and the probability that he will not have issue is 95 per-cent. 

'* In consequence of your Lordship's instruction that the reporter 
should proceed on the footing that the probabilities of General 
McDonald marrying and having issue are as high as they would be in 
the case of any other man of the same age, the reporter has given his 
very careful attention to these points. In addition to the marriage 
statistics mentioned in his report of 17 December last, he has found 
some further statistics in the late Mr. S. Brown's report on the 
Madras Military Fund, published in 1863. These statistics, which 
seem to be more appropriate for the preseut purpose than any of those 
previously considered, give a higher probability of marriage than all 
of them, with the exception of those relating to the Ministers' 
Widows' Fund, the accuracy of which the actuary has seen good 
reason to doubt. None of the above-mentioned statistics give any 
information as to the probability that a marriage entered into will he 
fruitful ; and for the purpose of forming an estimate on this point the 
actuary has extracted from the records of the British peerage the 
particulars of 339 marriages entered into by men above the age 
of 40, and from an examination of these statistics he has arrived at 
the conclusion that the estimate of 80 per-cent, adopted in his report 
of 31 May last, as the probability that if General McDonald marries 
he will have issue, was somewhat too high. As the result of his 
revised calculations, he now puts the probability that General 
McDonald will marry at 19 per-cent (or more exactly '192), and the 
probability that he will marry and have issue at 11^ per-cent (more 
exactly -114). The probability that he will not have issue is there- 
fore "886. Thus, while a higher marriage probability has been 
taken, the effect of combining with it the lower probability of fruit- 
fulness of marriage is, that the resulting probability that Greneral 
McDonald will marry and have issue is almost exactly the same as 
before. The probability that Captain McDonald will not have issue 
being, as above stated, "95, the compound probability that neither he 
nor General M*Donald will have issue is '84 17. This multiplier has 
therefore been used in the calculations, instead of the decimal '88 
mentioned in the actuary's report of 31 May last. 

" The values of the expectancy or interest in the entailed estates 
with reference to the present application of Miss E. M. M*Donald 
and Miss A. McDonald, have now been estimated simply as liferent 
interests, to which they will be entitled if the previous heirs in the 
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eotail die before them and leave no issue ; and on this footing, having 
regard to all the varioas contingencies involved, the actuary finds 
that the value of Miss £. McDonald's expectancv or interest is £941, 
and the value of Miss A. McDonald's is £720. 

" In arriving at the above results, no allowance has been made for 
the chance of the second or third substitute heir acquiring the fee- 
simple of the estate bj surviving all the heirs in the entail ; but the 
values of their expectancies have been calculated precisely as if there 
were a long series of heirs in existence in the destination, so as to 
render it practically impossible that either the second or third heir 
should survive all the others. The value of the expectancy or interest 
is therefore not only very much less than it would have been if esti- 
mated on the principles adopted in the actuary's report of 31 May 
last, but also very much less than the sum they might reasonably and 
properly have required to be paid to them on consenting to a disentail, 
if the Entail Amendment Act 1875 had not been passed. If, before 
the passing of that Act, the heir in possession, General M'Donald, 
had been in treaty with the second and third substitute heirs for 
purchasing their consent to a disentail of the estates, each of them 
would have been fairly entitled to say : — ' I have a chance of enjoying 
the estate for my life after the death of the preceding heirs in the 
entail, and I have a further chance of acquiring the fee-simple of the 
estate by surviving all the other heirs in the entail. You must, 
therefore, give me the calculated value of these chances. That sum 
represents my expectancy or interest in the estate, and is the very 
least that must be offered to me. But you must give me something 
further as the price of my consent. After the value of the expec 
tancies of yourself and the three next heirs in the entail are calcu- 
lated, there will be a surplus representing the value of the expectancy 
of Miss Jemima in the estate--that b to say, since she is the only 
remaining heir in the destination, the value of her chance of succeed- 
ing to the estate in fee-simple by surviving all the other heirs — and I 
am fairly entitled to a share of this surplus if I give my consent to 
the disentail.' In consequence of the provisions of the Act of 1 875, 
it is no longer in the power of the second and third heirs to withhold 
their consent ; and they can therefore no longer ask for any payment 
to be made to them for the price of their consent, as distinguished 
from the value of their expectancy or interest. The effect of the Act 
was therefore to deprive the second and third heirs of all claim to a 
share of the above-mentioned surplus, and the actuary's calculations, 
upon which his first report was based, proceeded on this footing. He 
assumed, however, that, in other respects, the Act left the value of the 
expectancy or interest of each of them unaltered. The position of an 
heir of entail in possession, as clearly explained by recent judicial 
decisions, is that of an absolute proprietor, subject only to the deed of 
entail ; and each of the substitute heirs has a chance of succeeding 
to that position, that is to say, of becoming absolute proprietor of 
the estate, subject only to the fetters of the entail ; while there is a 
further chance that those fetters may fall off entirely, through the 
death of all the other heirs in the destination. The actuary assumed 
in his first report that, in estimating the value of the expectancy or 
interest in the entailed estate of the second and third heirs, he was 
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to take into account the whole of these chances ; but, as now directed 
by your Lordship's interlocutor, he has excluded from his calculations 
the values of the chances of the second and third heirs succeeding to 
the fee-simple of the estate. The effect of the Act of 1875 appears 
therefore to be, not only to deprive the second and third heirs of all 
claim to the payment of a sum as the price of their consent, but also 
to reduce considerably the sum to be paid them as the value of their 
expectancy or interest in the entailed estate." 

The respondents having objected that, under the entail, male 
issue only (and not female issue) of the petitioner would succeed 
to the estate before them, the Lord Ordinary said it was much to 
be regretted that the objection was not stated, as it might have 
been, at an earlier stage of the proceedings. The petitioner main- 
tained that the respondents were barred from now insisting in it ; 
but the Lord Ordinary thought he ought not to allow the calcula- 
tion of the value of the respondents' interest in the estate to 
proceed on erroneous data, and he therefore directed Mr. Sprague 
to amend his calculations accordingly. Having done so, the latter 
reported : — 

*^ In order to estimate the probability that General or Captain 
McDonald will have a son to succeed to the estate, the actuary has 
made a further examination of the statistics as to the British Peerage 
families mentioned in his report of 28 April 1879, and has di'awn 
from them the conclusion that the probability that Greneral M'Donald 
will have a son to succeed to the estate is less than the probability 
that he will marry and have issue in the ratio of 812 to 1000 ; the 
same being the case with regard to Captain M 'Donald. He therefore 
estimates the probabilities (1) that General McDonald will not have a 
son to succeed to the estate at "9074 ; (2) that Captain McDonald 
will not have a son to succeed to the estate at '9594 ; and (3) that 
neither of them will have such a son at '8706. Using this probability, 
the actuary finds that the value of the expectancy or interest of Miss 
Elizabeth M'Donald in the entailed estate is £973, and that of Miss 
Adriana McDonald £745." 

The sums mentioned in the report, ^6973 and £745, having 
been paid into the British Linen Company's Bank, in name of the 
respondents respectively, the disentailing deed was approved by 
the Court and ordered to be recorded; and this decision was 
upheld on appeal by the Second Division of the Court of Session. 

The Misses M'Donald appealed to the House of Lords, main- 
taining that, in the calculation of the value of their interests, the 
state of health of Capt. M'Donald should have been taken into 
account, and regard should have been had to their contingent 
chances of succeeding to the fee-simple of the estate ; and that the 
Court below was wrong on both these points. 
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It was held by the House of Lords^ reversing the decision of 
the Scotch Coort^ (1) that the second and third substitute heirs 
had a right to bring before the Court any facts bearing on the pro- 
bable duration of life of the first substitute heir^ and that averments 
that the said heir had suffered from ailments which reduced his 
prospects of life below the average^ formed a relevant subject of 
enquiry; and (2) that the chances of the second or third heir suc- 
ceeding to the estate in fee-simple^ by outliving the fourth and only 
other heir of entail in existence^ were elements to be considered in 
a valuation of their respective ''expectancies or interests". 

The Lord Chancellor^ in giving judgement (12 March 1880)^ 
said — 

The question is, whether the expectancy or interest of the appel- 
lants has been valued on correct principles. 

The first question as to value relates to the life of Captain McDonald. 
He was bom in 1884, and is married, but has no issue. The appel- 
lants offer to prove that Captain M'Donald, though at present in good 
health, has suffered from ailments which reduce his prospect of life 
greatly below the average of persons of his age. The respondent, on 
the other hand, contends that Captain McDonald's life should be taken 
as an average one, according to proper life tables ; and this has been 
the opinion of the majority of the learned Judges. 

I am sorry that I cannot concur in this opinion. It might have 
been a convenient and reasonable course for the Legislature to have 
laid down some rule by which these expectancies or interests should 
be valued, and the Legislature might have said that in all cases the 
probable duration of li^ should be calculated according to some of the 
well-known tables, but it has not done so. In that state of things, it 
appears to me that the appellants have a right to bring before the 
Court, or before any actuary or valuer to whom the case is referred, 
any facts relevant to the probable duration of Captain McDonald's life 
and his state of health ; and the ailments from which he has suffered, 
if calculated to shorten life, must be relevant to such an issue. I see 
no inconvenience in this course to the respondent. The onus of proof 
will be upon the appellants. The respondent will prove the age of 
Captain McDonald, and the probable duration of an average life at 
that age ; and it will be for the appellants to prove that Captain 
McDonald's is not an average life, and why. 

The other point in dispute arises in this way : A younger sister of 
the appellants, Jemima McDonald, is the fourth heir of entail, and 
she is now the last in the entail. If she should ba dead without issue 
when the appellant Adriana, the third heir of entail, succeeds, if she 
does succeed, then Adriana will be absolutely entitled to the fee of the 
estates ; whereas, if Jemima or any of her issue are in existence at that 
time, Adriana will be virtually no more than a liferenter, unless she 
obtains the consent of Jemima or her issue to disentail. The same 
would be the case as to the appellant Elizabeth, if she were to survive 
Adriana. 

It is contended by the appellants that, in valuing the interests of 

I 2 
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Elizabeth and Adriana, their interests should not be treated as those 
of liferentcrs only, bat the possibility should be taken into account 
that, when the survivor of them comes into possession, Jemima may be 
dead without issue. 

The Court of Session were of opinion that this was not an element 
of value which ought to be considered. My Lords, I am unable to 
concur in that view. The question, I think, to be asked is this — 
Supposing the Act of 1875 had not passed, what would have been the 
interest which the appellants would have enjoyed in specie, supposing 
they had refused their consent to disentail h It cannot be doubted 
that what the surviving appellant would have enjoyed would have 
been an interest equal to a liferent, or equal to a fee, just according 
as Jemima was or was not at the time dead without issue. This is 
the amount of interest that would have been enjoyed in specie, and 
this, as it appears to me, is the interest that must be valued. If a 
Scotch estate was eu tailed on A, a bachelor of seventy, then dn B, a 
spinster of seventy, then on C, a spinster of seventy-tive, and an Act 
of Parliament required ** the expectancy or interest of B in the en- 
tailed estate *' to be valued, I cannot doubt that the valuer must have 
taken into account that when B succeeded, C might be dead, and the 
estate of B an unshackled fee. The valuation in the case before your 
Lordships may, and probably will, be a matter of difficulty, depending 
as it does on contingencies not merely of death but of marriage and 
of having issue ; but this is the task which the Legislature has assigned 
to the Court, and however difficult it may be, it must, in my opinion, 
be discharged. 

My Lords, I think the interlocutors under appeal should be altered, 
but I have felt much doubt as to the form in which the alteration 
ought to be made. The case is one in which the interposition of any 
delay may lead to serious alteration, by death or otherwise, in the rights 
of the parties ; and, on the other hand, it may be that the respondent 
will not desire to disentail, if he has to pay a larger sum for consents 
than the sums already approved by the Court. The actuary to whom 
the question of valuation was referred by the Court, at a time when 
he took into account the elements which, 1 think, ought to enter into 
the calculation, put the value of the interests of the appellants at 
£8,122, if I rightly understand the figures ; and 1 understood at your 
Lordships* bar the counsel for the appellants to say that, if this sum 
were secured, they would be willing to consent to the immediate dis- 
entail, the enquiry into the exact value taking place afterwards. If, 
therefore, your Lordships concur with me as to the principle of the 
valuation, 1 should propose a motion in this form. (His Lordship 
then read a motion substantially in terms of the judgement of the 
House (see p. 121). 

If I am wrong in the figures which I have used (£S,122), the parties 
will correct me ; and I wish also to add that I have taken these figures 
merely because they were given by the actuary, and not as adopting 
either the mode or result of his calculation, which the Court may f^ee 
fit on the new enquiry not to adhere to. The sum arrived at by the 
actuary certainly appears to be, under the circumstances, a very 
large one. 

LoBD Hi.Tii£BLET. — The first question is, whether, in valuing the 
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life of Captain McDonald, who is the first heir next to the heir in 
possession, the actuary should value it according to the tables which are 
used by actuaries for estimating contingencies of this character, as an 
expectation of life simply measured by the age of the subject ; or 
whether the state of health and other matters affecting life, should 
also be taken into consideration in arriving at the value. I think that 
it is impossible to exclude evidence strictly applicable to the particular 
circumstances of the case, and tending directly to affect the probable 
duration of life, from such an enquiry as the Act of 1875 prescribes. 
Many .cases may occur or may be suggested, in which it is all but 
certain that the ordinary expectation of life of a man of a given age, 
would not represent the probable value of the life of an individual. 
The table averages were in fact originally deduced from the total 
number of men of a given age in all possible states of health, and any 
one life which is selected may be the lowest of the class as regards 
health. I think it is right to admit the evidence of the calculated 
tables applying to any given age as prima facie proof; but it should 
be open to the other side to lead proof of facts, manifestly affectiog 
the alleged average in the particular case. For instance, take the case 
of a man known to b^ on his deathbed with consumption ; the value 
of the expectation of life, according to the tables, would not at all 
represent the true value in that particular case. If you take at the 
average value any one life out of a class upon which the average is 
taken, and disregard the circumstances affecting that individual, the 
effifct may be to arrive at a valuation, in some cases far above, and in 
other cases far below, the actual value of that particular life. I do not 
iiee how, under the words of the A.ct, an enquiry into facts manifestly 
affecting the alleged average in the particular case, can be shut out. 

The second point which has arisen has "occasioned me much more 
doubt and hesitation than the first point. It is this — ^the first three 
heirs being the Captain and his two sisters, the fourth heir in the 
entail is another sister named Jemima. According to the Act of 
1875, her interest is not to be taken into account ; but if she should 
die without issue in the lifetime of the survivor of her sisters, then 
that sister, on coming into possession as heir of entail, will be entitled 
to deal with the fee-simple, free from the fetters of the entail. Should 
this interest be valued as part of the interest of either of those sisters, 
under the directions of the Act of 1875, namely, as " an interest or 
expectancy in the entailed estate", with reference to this disentailing 
application ? 

I have had the opportunity of seeing the opinions of your Lord- 
ships, who, with me, heard this matter argued, and I have read with 
great attention the opinions of the Judges in the Court below, and I 
have, though with much doubt, come to the conclusion that the view 
contended for by the appellants is right. As I read the two disen- 
tailing Acts of Parliament, they seemed to have proceeded on the 
principle, that the long periods of entail sanctioned by previous legis- 
lation and by the previous state of the law, ought to be abridged ; 
but, at the same time, that such abridgement should take place with a 
due regard for vested interests, in so far as they would not frustrate 
the purpose of the Act itself, namely, the intended earlier release of 
entsuled estates from the fetters which virtually excluded them from 
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commerce. In the Rutherfurd Act a system of consents was 
established, by which the heir in possession might acquire the un- 
fettered dominion. These consents were to be, in a case such as that 
before us, those of the first three heirs in succession after the heir in 
possession. This Act, however, gave no control to the heirs beyond 
these three, which could prevent the disentailing of the property. 
The Act of 1875 modified this arrangement, by directing that the 
immediate heir next to the heir in possession must give his constant, 
or else the disentailing instrument should not be allowed, but that the 
next two heirs, if they would not, or from disability could not consent, 
should be bound by a deed approved of by the Court, provided that 
the Court satisfied itself of the value of the expectancy (in the words 
I have mentioned), and that such value was secured to the satisfaction 
of the Court. This being done, the fourth and subsequent successive 
heirs were barred by the allowance of the deed. The effect of this 
enactment was to disregard altogether the interests more distant than 
that of the third heir in expectancy. 

The question now before your Lordships is of a somewhat singular 
character, regard being had to the circumstances, namely, whether an 
interest which arises in the third heir only in consequence of the 
interest of the fourth heir and subsequent heirs being exhausted, 
namely, the chance of the fourth heir dying before the third heir, and 
without issue, should be valued ? Suppose the fourth heir to be the 
last, so that there is no heir beyond the fourth who could insist on the 
fetters imposed on the estate being brought into effect when it comes 
to the third heir, the question is whether this is an interest or 
expectancy directed to be valued by the Act of 1875. Is it an 
" interest or expectancy in, the entailed estate " ? 

The Legislature, in its desire to achieve the object it had in view, 
namely, the liberation of estates subject to entail, has nevertheless, 
both in the Rutherfurd Act and in the Act of 1875, intimated the 
extent to which it thought justice required consent in the one case 
and compensation in the other, in respect of vested interests, stopping 
at such a degree of interests as any third substitute heir could acquire 
by the entail, or, as it is expressed in the Act, "in the entailed 
estate". It appears to me probable that what the Legislature was 
aiming at, was the entailed estate only as created by the deed of 
entail ; and the interest now in question is an interest which is beyond 
the entail, and indeed, after the interest in the estate tail has passed 
into the second or third heir, and is only arrested at the decease of 
the third heir by the fact of the next or fourth heir or her issue not 
being in existence to receive it ; and that the interest which the third 
heir may acquire and dispose of by reason of the termination of the 
estate tail taking place immediately on the death of the fourth heir 
without issue, is the original fee-simple, which has been allowed to 
remain fettered so far as to carry it in its fettered state to the third 
heir in succession, but which has become free from the fetters after it 
reached the third heir, who founds her claim not as interested under 
the entail, but as the unfettered fiar and mistress of the estate from the 
failure of the entail. 

We have the singular result of an interest in the third heir 
which is to be valued under the Act of 1875, and which results from 
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the fiiilare not of prior, but of subsequent limitations to tbe fourth 
heir, which would not be tho subject of anj compensation if vested 
in that heir herself. I feel great difficulty in coming to such a 
conclusion. The onlj case cited before us was that of De Virte 
(o Rettie, 328), which certainly seems to have proceeded on some 
such view, but we have in the present case the opinions of the majority 
of the Judges in the Court below against that view, and I feel the 
words of the Act '' expectancy or interest in the entailed estate " very 
strong ; and though I should, from the nature and purport of the two 
Acts of Parliament, be led to the conclusion that so extended a 
meaning ought not to be given to them, yet the words used would be 
sufficient to include all the interest in the estate coming to the third 
heir by the results of the entail and taken from her by the Act. I 
have had to consider what, from the nature and the purport of these two 
Acts of Parliament, would be the reasonable and probable construction 
of the words I have referred to ; and I do feel strongly that the nature 
and intent of the Acts of Parliament are so very clear, that 1 should 
have expected to find a different legislative enactment when we come 
to the enacting part on which this particular question arises. At the 
same time, 1 cannot say that I find words in the Act that would 
support the meaning which some of the learned Judges in the Court 
below, thought the words I have referred to would bear. If I came to 
the other conclusion, I should have to do so upon a very forced con- 
struction, because, although it is not the entail itself which causes 
this reversionary interest (as we should call it in England) to fall 
into possession, still it is in consequence of the reversionary interest 
that the estate tail cannot be barr^ ; for the Court is not authorized 
to allow it to be barred, except upon the condition of having the whole 
'* interest or expectancy " of the person against whom they allow it 
to be barred valued, according to the position which he or she may 
occupy at the time when the disentailing deed is proposed to be 
executed. I think this interest in the estate is part of the '^ interest 
or expectancy in the entailed estate '' directed to be valued. 

Therefore it appears to me that we must hold, as my noble and 
learned friend on the woolsack has proposed, that the decision of tho 
Court below as to the valuation of this interest was erroneous, in so far 
as it omitted the valuation of this particular interest, which appears 
to be not only a substantial interest, but one of very considerable 
value and importance. Moreover, this is a question of principle, and one 
probably of not very unfrequent occurrence, — ^thereiore it is well to 
settle it once by a decision of your Lordships' House upon the subject. 
I agree, therefore, in the order which my noble and learned friend, the 
Lord Chancellor, has suggested to your Lordships. I think that the 
right time for the valuation to begin is the date of the execution of the 
deed, because as soon as the deed is executed it takes its full effect, 
upon the conditions being complied with. It will not take its full 
effect until certain conditions have been complied with, but when they 
have been complied with, it will immediately take its full effect, and 
its full effect will begin from the date of tbe execution of the instru- 
ment itself. Subject to the figures being correct, as to which I am 
not prepared to express a clear opinion, I think that the proposed 
order is right. 
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As regards the costs of the appeal, the appellants, having succeeded 
in the case they have brought to your Lordships* bar, must have their 
costs. According to the common rule, the unsuccessful party must 
bear the costs of the appeal. 

LoRj> Blackburit. — My Lords, the respondent is heir of entail 
in possession of an estate held by virtue of a tailzie dated prior to 
1 August 1848. Before the Rutherfurd Act (11 and 12 Vic. 
c. 36), lands might in Scotland be fettered in perpetuit}'. That 
Act was passed on a preamble reciting that **the law of entail 
in Scotland has been foubd to be attended with serious evil», 
both to the heirs of entail and to the community at large". 
The first section provided that entails made by- deeds of tailzie 
dated afber 1 August 1848, might be barred by an heir in 
possession, whenever that heir was born after the date of the entail, 
and being of the age of twenty -five, or when he could obtain the 
consent of an hcir-apparent born after that date, and of that age : 
and the second section gave a precisely similar power as regarded 
entails made by deeds of tailzie before that date, when the heir in 
possession or heir-apparent was born after 1 August 1848. But if 
this had been all that was done, the evils arising from so large a 
portion of land in Scotland being already under the fetters of tailzies 
would have continued till 2 August 1873, when first it became possible 
that an heir of the full age of twenty-five, born after 1 August 1848, 
could exist. 

From tbat time the estates, bound by the fetters of entail made 
before 1 August 1848, would continually diminish in number, as 
heirs either in possession or heirs-apparent born after 1 August 1848 
attained the age of twenty -five. Such entails would not necessarily 
come to an end till the lapse of a lifetime from that date, though the 
number remaining sixty years after 1848 would probably be very few. 
It was thought proper to make provision for an earlier unfetterins? of 
such estates ; and by the third section it was provided that an heir of 
entail in possession under such a tailzie might disentail, if he could 
obtain the consents of the three nearest heirs who, at the dates of such 
consents, were for the time entitled to succeed to such estate : and by 
section 31 the Court of Session might appoint a guardian to any such 
heir under incapacity, who should be entitled, " with or without con- 
sideration '*, to consent for that heir. 

I think the object of the Legislature was to enable the lands 
to be disentailed, but to give each of the first three heirs an unfettered 
discretion as to whether they would protect the entail or not, and to 
allow him to bargain as he pleased with the heir in possession. Such 
an heir may, and I believe often does, refuse his assent, from a belief 
that they ought not to disturb the provisions of the person from whom 
thev derive their interest in the estate, or because he thinks it more 
for the interest of the family to preserve the entail. Where no such 
motives for refusing consent existed, an heir probably sometimes drove 
an extortionate bargain. But the heirs whose consent was asked for, 
often, and (I suppose) the guardians of an infant heir on his behalf 
usually, said that they required to be paid the fair value of their 
consent, but would not ask more ; and consequently, actuaries were 
often asked to put a value on such consent, depending as it necessarily 
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did in a great degree on the probabilities of the duration of life, 
marriage, and issue. No such valuation, however, could in anj way 
be brought under the review of the Court. « « • 

The Tjegislature has cast on the Court of Session the task of 
'^ascertaining the value", and when it is ''ascertained to the satis- 
faction of the Court", tells them what to do. But the Legislature 
has given no directions at all as to how or in what manner the 
Court is to ascertain the value. In the Succession Act (16 and 
17 Vic, c. 51, sec. 21) it is directed that interests during periods 
depending on lives shall be estimated according to the value given 
in certain tables annexed to that Act, so as to leave nothing to be 
ascertained except the age of the parties. Nothing of the sort is 
done in this Act. But I think the Legislature knew that the value of 
an expectancy must, in a great degree at least, depend on the pro- 
babilities of the duration of life, the chances of marriage, and the 
chances of such marriagt's proving fruitful. They must, 1 think, have 
known that actuaries had tables, founded on extensive experience, on 
which they acted, which enabled them to value with considerable 
Accuracy the probabilities of life ; and that though the experience on 
which calculations as to the probabilities of marriage and issue were 
based was much narrower, and the results more subject to uncertainty, 
vet that some calculation could be made in that way, and none could 
be made in any other. 1 think, therefore, that the Legislature must 
have contemplated that the Court would call in the assistance of 
an actuary, to report to them on all those matters which properly 
come within the province of an actuary. Such was the course 
taken in De Virie v. WiUon, the only other case in which, as yet, 
the Court has had to act; and such was the course taken in the 
present case. No objection was made on either side, but 1 do not 
think any could have been taken on either side. But when questions 
not properly determinable by an actuary arise, I think they must, 
unless the parties have agreed to take the actuary as arbitrator, be 
ascertained in the manner a))propriate to the particular question. In 
thi^ case, when a question as to the value of the lands arose, the Court 
did not refer that to the actuary, but to a valuer. 

The first thing to be ascertained \yy the actuary in this case was 
the probability of the heir in possession, the respondent, dying without 
male issue in the lifetime of each of the appellants, for unless he did so 
they could get nothing. No point has been raised as to the mode in 
which this has been finally ascertained. The next thing to do was to 
ascertain the probability of the nearest heir. Captain McDonald, so 
dying. The age of the captain, the fact of his being married, and 
the age of his wife, were not disputed. But the agent for the appel- 
lants brought before the actuary this statement (see p. 101). 

The contention of the respondent is that the actuary ought to 
proceed solely on the statistics relating to the value of an ordinary 
life, and that every other averment is irrelevant. 1 think the Legis- 
lature might have enacted, this, but I think they have not, and I 
think it is impossible to hold that no exceptional case can vary the 
calculation. An extreme case may test this principle — an heir may be 
a young man, the expectation of whose life would be forty or fifty 
years. Suppose it to be averred that, before the application to 
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disentail the estate is made, he met with an accident occasioning 
injury to the spine, inducing incurable paralysis, so that he must pass 
the remainder of his life on a couch, and though he may linger for a 
time cannot live long, would it be proper to say that no enquiry should 
be made into such an allegation as this ? Lord Gifford shrinks from 
pushing his argument so far, and 1 think with reason. I think that 
the probability of life of an average man of that age is prima facie 
the proper basis of an actuary's calculation. And I think Lord 
Ormidale seems not to deny that there may be cases in which there 
may be such insuperable difficulty in ascertaining the effect of 
exceptional circumstances on the value of the life, as to leave no alter- 
native but to take the actual age. 

I agree with Lord Gifford that the Court ought not to attend to 
every allegation of something on which a guess might be made. 1 
think it must be something on which the Court thinks an estimate 
may be reasonably made. It is easier to put cases as to the expectancy 
of marriage or issue, in which it would be proper to reject such aver- 
ments, than as to the expectancy of life. But I can put one. The 
probability of life of a man residing in England, is certainly greater 
than that of the same man residing in the tropics. Insurance 
companies habitually act on this, and protect themselves by putting 
in their policies a provision that the policy shall be void if the assured, 
without their licence, goes into prohibited districts — I think generally 
between the 32d parallel of north latitude and the 32d parallel of south 
latitude ; and they grant such licences on the terms that an increased 
premium shall be paid whilst he is in the prohibited space. Yet, I think, 
an averment that the heir of entail was a keen sportsman who would 
enjoy elephant shooting, or a man of scientific tastes who would like 
to explore the course oi the Niger or the sources of the Nile, and was 
therefore likely to go to Central Africa, should be rejected as irrelevant, 
— not on the ground that his doing so would not affect the probability 
of his living, but on the ground that there could not be any reasonable 
estimate of the chance of his so travelling. In this I agree with the 
Lord Justice-Clerk, and I agree with him in thinking that it would be 
proper in any other case to reconsider the propriety of the decision of 
the Lord Ordinary, Rutherfurd Clark, in Be Virfe v. Wilson, under 
which the actuary was permitted to make a guess at the chance of 
Mrs. Wilson's children being, if she came into possession of the estate, 
liberal to her. In all other respects, Lord Rutherfurd Clark's note on 
that case seems to me very sound. 

But then I cannot think the averments here made are irrelevant on 
this ground. Had the only averment been that Captain McDonald 
had twenty years ago met with a bad accident, I might have hesitated. 
But it goes much further. It is said that " he has been in very bad 
health and subject to epileptic fits, and on several occasions his life 
has been almost despaired of. He had one of these fits so late as 
April 1877, at which time it was not expected he would survive". It 
may be that the facts are greatly exaggerated ; but, if correctly stated, 
it becomes, I think, a question for medical skill to say whether such 
facts, when ascertained, do not show that the vital energy has been 
diminished, and if so, how much. I think, if that is found, it is a very 
convenient form to say, as much has been taken out of his vital energy 
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bj this accident as would have been taken out of an ordinary man's 
vitaliiy bj so many years of ordinary life. And then it becomes a 
question for an actuary — what difEerence that makes. In the first report 
of the actuary in this case, he assumed, without, I think, sufficient 
grounds or sufficient authority, that it had taken as much out of 
Oaptain McDonald's vital energy as twenty years of ordinary life ; and 
then came to the conclusion, which I suppose was correct, that on that 
supposition about seventy per-cent should be added to the value of 
ex))ectancy of the appellantiB. When this case was before the Lord 
Ordinary, and when it first came before the Court of Session, it was 
supposed that Captain M'Donald had no objection to submit to a 
medical examination. The interlocutor of 16 January 1879 was 
framed in conformity with the views of the Lord Justice- Clerk and 
Lord Ormidale, but contrary to the view of Lord Gifford. By it the 
Court found the chances of Captain M*Donald's life ought, in respect 
of Captain McDonald's consent, to be ascertained in the ordinary way, 
by such professional examination and report as the Lord Ordinary may 
direct ; and remitted to the Lord Ordinary to give effect to their find- 
ings, and to proceed with the cause ; and reserved all questions of ex* 
penses. It seems to me that this was a pro])er and sensible course to take. 
It turned out, however, that Captain McDonald did not choose to be 
examined, and on that change of facts the Lord Justice- Clerk changed 
his opinion as to the proper course to be pursued, and this interlocutor 
was recalled, and another substituted : — " 19 March 1879. — Remit to 
the Lord Ordinary to proceed with the cause on the footing that 
Captain McDonald's life is to be assimied to be an average life, and to 
be estimated according to his present age, and also remit to the Lord 
Ordinary to dispose or all questions of expenses." 

It was argued at the bar that, without a personal examination of 
Captain McDonald, no medical opinion could be formed. In this I 
cannot agree. I do not doubt that it would be more satisfactory that 
such a personal examination should take place, and I hope that Captain 
McDonald will not persist in his objection ; but I do not think it 
iodi.s}^nsable. 

I have no skiU in medicine myself, but both in civil causes and in 
criminal causes I have had many medical men give evidence before 
me, and I think I am warranted in asserting that they, in their 
diagnosis, attach much importance to the history of the case, — the 
antecedent facts. These they must in general ascertain as they best 
can. But a medical man finding a patient sufTering from symptoms, 
and learning that he had recently been a passenger in a railway train 
when an accident happened, would not disregard that fact, and might 
])robably on that fact think that the symptoms indicated the effect of 
a shock to the brain. If there was no such fact, but he learned that 
just before the illness came on the patient had been working in an ill- 
ventilateJ mine, or even sitting for hours in an ill- ventilated court or 
theatre, he might on that fact think that the symptoms indicated the 
effect of blood poisoning. In the present case, I should expect that a 
medical man, either ascertaining for himself, if the Court refers it to 
him to do so, or learning from the findings of the Court what the 
facts were, might say, " The illness of Captain McDonald in April 
1877 may either have only indicated that he ought to take care not to 
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expose himself to the sim, but if he does take such cai-e he may live as 
long as anyone else ; in which case I do not see how any estimate can 
be put on the diminished value of his life. Or it may have indicated 
that his constitution was impaired. If I had to judge only from the 
symptoms as reported to me, I should have inclined, with some doubt, 
to one of these opinions", stating which it was. " But learning that 
during the three years that have since elapsed, Captain M'Donald has 
been in good health", or "has been suffering repeated though slight 
attacks of the same sort " (as the case may be), " I am contirmed in 
that opinion ", or " I am convinced that opinion was erroneous." I 
think, therefore, it is important in remitting the case, so as to obtain 
the assistance of a medical man, to provide how such facts, which I 
think must be important, are to be ascertained. 

The second point is one which may be treated more concisely. 
The heir in possession of an entailed estate in Scotland is the fiar 
fettered as far as the provisions of the tailzie fetter him, and no 
further. If there is no one in existence who can enforce these fetters, 
he has the absolute fee. From this it follows that, if it can be ascer- 
tained that all the heirs in existence will die without issue, the last 
survivor of the existing heirs will have the fee. A person who is in a 
tontine has a calculable interest in his expectancy of being the last 
survivor. Ought the analogous expectancy of one of the three heirs 
of entail to be the last survivor to be valued in this case, where there 
are four existing heirs after the heir in possession ? The actuary has 
in this case valued it, and (what I should not have anticipated) found 
that it more than doubles the sum to be paid to these ladies. On 
objection the Lord Ordinary thought he had done right. But all 
three Judges of the Second Division were of a contrary opinion. I 
have doubt and hesitation on this point ; and if it rested solely with me, 
I am not prepared to reverse their decision, that this should not be valued. 

The Rutherfurd Act proceeded on the assumption that the 
interests of the fourth heir under the fetters of the entail were too 
remote, to make it proper to consult him as to the propriety of 
disentailing. This interest of the ladies, only arising after the fourth 
heir has died without issue, is stiU more remote. The words used 
in the Amending Act of 1875 are not such as to make me believe that 
those who used them had the point present to their minds. But the 
object of the Act being to facilitate the disentailing of estates, if the 
words used are such as to be capable of bearing the construction that 
the only thing to be valued is the expectancy imder the fetters of the 
entail whilst they exist, and not the expectation of the fee that may 
arise after they have expired, I think we should put on the Act of 
1875 that construction which will forward the object of the Act. 
But I am not prepared to dissent from what I understand to be the 
opinion of both the noble and learned lords who heard the argument, 
that the words of the Act are not such as to be capable of bearing that 
construction. 

Lastly, comes the question, what is now to be done ? I do not 
think that the valuation, obtained on a wrong principle, can stand ; 
and if that is set aside simply, the disentail which has been allowed 
cannot stand. But if one of the heirs should die during the pro- 
tracted litigation, the object of the petitioner, the respondent here, is 
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baffled; and I think that should not be allowed. The respondent, 
though willing to pay the sum at which the Court has valued the 
interests of the two ladies, may not be willing to pay four times that 
amount. If so, the Court of Session will have to say what is to be 
done as to the costs incurred imder the petition. If he is wiilin$^ to 
pay whatever be ultimately found to be the value, I think it would be 
the reasonable course that he should pay into the bank, or otherwise 
secure to tbe satisfaction of the Court of Session, a sum equal to the 
utmost amount which it is probable will be added to the value at 
present come to, and that the litigation should proceed (if the parties 
wish it, which I hope they may not) as to that sum, the estate remain- 
ing disentailed. I think the form of order proposed will be proper, if 
the sum mentioned is the right figure. I have not investigated that. 
The costs of the appeal to this House should, 1 think, be given to 
the successful party — ^that is, the appellants. 

This order was pronounced : — 

" . . . . The appellants having (by their counsel) consented 
to an immediate disentail of the estates which form the subject matter 
of the appeal, on the terms of tbe respondent paying, within twent}'- 
one days, into the British Linen Company's Bank, such a sum as, with 
the sum already deposited, will make up the sum of £8,122, as a 
securitv to answer the valuation hereinafter directed to be made, — It 
is declared and adjudged by the Lords Spiritual and Temporal, in the 
Court of Parliament of Her Majesty the Queen assembled, that, in 
the event of such payment being made within the time aforesaid, 
the said interlocutor of the Lord Ordinary in Scotland, of 31 May 
1879, and the said interlocutor of the Lords of Session there, of 
the Second Division, of 7 June 1879, complained of in the said 
appeal, so far as they approve of the instrument to disentail, No. 22 of 
process, and interpone authority thereto, and grant warrant for 
recording same in the Register of Entails, be affirmed ; and in that 
event it is ordered, that it be referred to the Court of Session in 
Scotland to ascertain anew the value in money, as at the date of the 
instrument of disentail, of the expectancy or interest of the appellants 
in the estates, within the meaning of the Entail Amendment (Scotland) 
Act, 1875 : In the event of payment of the said sum not being made 
within the time aforesaid, it is ordered and adjudged, that the inter- 
locutors complained of in the said appeal be reversed simpUciter: 
And it is ordered that the said cause be, and the same is hereby, 
remitted back to the Court of Session in Scotland, to do therein as 
shall be just and consistent with this declaration and judgement : 
And it is further ordered that, in either case, the respondent do pay or 
cause to be paid to the said appellants, the costs incurred in respect of 
the said appeal*', &c. 

It now remained for the Misses McDonald to furnish evidence 
as to the state of health and prospects of longevity of their brother. 
Captain M'Donald. Having ascertained that his life had recently 
beec proposed for insurance to certain insurance companies, they 
applied to the Court of Session to order the production of the 
medical reports made to those offices, and the Court, in legal 
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phraseology, granted a diligence for the recovery of the reports. 
One of the companies objected to produce the medical reports in its 
possession, on the ground that they were confidential and came 
under the class of privileged communications. The Lord Ordinary 
(Lord Fraser), after hearing counsel, ordered (22 Feb. 1881) 
the company to produce the reports, and stated the grounds for 
his decision in the following note : — 

The proof in this case has been fixed for 10 March; but 
preliminary thereto a diligence was granted for the recovery of 
certain medical reports upon Captain McDonald's health, made to 
insurance companies on the occasion of his applications for insurance 
on his life. One haver declines to produce these documents, on 
the ground that they are confidential, and come within the class of 
privileged commimications. This objection the haver is entitled to 
state, although diligence has been granted for their recovery. {See 
McDonald t?. McDonald, 6 D 954) . 

The tendency of modem decisions is to increase the class of cases 
coming under the category of privileged communications. Hitherto 
the protection has been given to the limited class of communications 
between a husband and his wife, of the client and his legal adviser, 
of reports by pubhc officers upon matters of state to their superiors. 
It has also been extended to communications passing between two 
defenders to a suit (Rose v. Medical Invahd Insurance Society, 10 D. 
156) ; and although it has been decided by the English Courts that a 
medical man who acquires information from his patient, or a Homan 
Catholic priest who hears the confession of one of his fiock, cannot 
refuse, in a Court of Justice, to disclose the information they possess, 
yet these decisions have been regretted by later English judges, and 
none such have been pronounced hitherto by the Scottish courts. 
The case of the Roman Catholic priest was discussed and considered 
in McLauglin v. Douglas and Kitson (4 Irvine, 273), but no decision 
was given upon the general point ; and as regards the physician, 
Mr. Greenleaf mentions that a number of the States in America, in the 
new codes passed by them, have enacted (as in the revised statutes of 
New York) that " no person duly authorised to practise physic or 
surgery shall be allowed to disclose any information which he may 
have acquired in attending any patient in a professional character, 
and which information was necessary to enable him to prescribe for 
such patient as a physician, or to do any act for him as a surgeon."' 

If the present was a case where a communication made to a 
physician by his patient was sought to be recovered for a purpose 
antagonistic to the patient, the Court would have to consider 
whether the English rule, denying the protection, should be fol- 
lowed, or whether the Scotch Courts, not being controlled by 
precedents, would create one the other way, by ranking this 
within the class of privileged communications. But the case 
is not so. An insurance company, in the course of its business, 
requires to obtain information as to the health of the person 
wishing to deal with it, promising, at the same time, to the doctor 
who gives the report that it will be treated as a confidential com- 
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munication; this does not possess any of those elements which lie 
at the root of the protection given to the classes above referred to. 
It may, no doubt, be inconvenient for the insurance company to be 
compelled to produce the reports of their medical adviser ; and it may 
hamper the medical adviser, in the expression of his opinion, if it wei-e 
known that, on the occasion of a dispute, the production of these 
reports in a court of justice could be enforced. But, notwithstanding 
this, the mischief would be greater if such important evidence were 
withheld. A decision of the Common Pleas in 1871 is very much in 
point upon this subject (Mahony v. National Widows' Life Assurance 
Fund, 5 May 1871, 6 Common Fleas, p. 252). The action there 
was directed against the insurance company to recover the sum 
insured upon a life. The company pleaded that the policy had been 
obtained by fraudulent concealment, and misrepresentation of material 
facts. The plaintiff applied for inspection of, (1), two reports made 
to the company by private friends of the assured, to whom the 
company were referred, with relation to the assured' s health and 
habits; and (2), a report made by a medical man, to whom the assured 
was referred for examination on behalf of the company. At the head of 
the printed forms of questions upon which these reports were made, 
were statements that the company would regard the answers given 
as strictly private and confidential. The court allowed inspection of 
the documents on the ground that they were not privileged from 
inspection, and r^arded the statement that the report would be 
considered strictly private to mean no more than this, — that the 
company would not needlessly disclose it. It is right, however, to 
notice that the judges in that case did indicate that there might be 
etrcumstances that might warrant the extension of the rule as to 
privileged communications to such reports. Thus Bovill, C. J., 
said — " I do not say that in every case the Court would order such 
" documents as these to be produced. The Court has a discretion, 
^* and is bound to exercise it according to the circumstances of the 
" particular case. It is easy to see that, in some cases, these documents 
" may be of importance, and in others not. Here there are no grounds 
shown by the affidavits why they should not be produced, except 
the mere fact that they are stated to be confidential, as between the 
insurance office and the parties who wrote them. This is not any 
** legal groimd of privilege." This remark had reference to what 
seems to be more confidential than the medical report, namely, the 
report of private friends as to the state of health of the insured. If 
the Court does possess such a discretion as is thus claimed, it can 
only be exercised upon very special grounds indeed. If it were made 
clear that the document, when produced, would not be competent 
evidence at the trial, that might be a ground for refusing an order to 
produce it. But such an objection to the production, though it may 
be suggested by a haver for the consideration of the Court, is one 
that can only be competently taken by a party to the suit. The 
medical reports here sought to be recovered have been given (as was 
stated to the Lord Ordinary) by living men, whose evidence may be 
obtained at the trial, and therefore it may be said that there is no 
necessity for admitting the reports which they made years ago ; and 
consequently, it is argued, if any judicial discretion is to be exercised 
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in the matter, it should be in favour of the objection to production. 
Whether the evidence be competent or not, is a question that must be 
argued by the parties to the cause, when the reports are tendered in 
evidence at the trial, and cannot be determined now ; and therefore 
there is no specialty in the present case, that would induce the exercise 
of any discretion against the production. 

At this stage of the litigation^ the parties came to terms ; and 
the claim was compromised by General M'Donald paying his 
sisters the sum of ^66,000, in addition to the costs of the suit. 



On the Vahuttion in Bankruptcy Proceedings of an Annuity 
determinable on Death or Marriage, 

As already stated^ several of the points arising in the preceding 
case are in no way peculiar to the Scotch lave, but may probably 
have to be considered by English courts of law when the values of 
complicated interests, depending on the contingencies of life and 
marriage, require to be judicially determined. It was formerly, we 
believe, held by English courts of law that interests depending on 
the contingency of marriage were incapable of valuation ; but it 
will be seen from the following report, which we take from the 
Weekly Reporter, vol. xxv, p. 488, that actuaries must now be 
prepared to advise the courts as to the value of such interests : — 

COURT OF APPEAL.— 22 Mabch 1877. 
From Court qf Bankruptcy, 

In re Blakemobe. — Ex parte Blaeemore. 

An annuity payable to a teaman during life or widowhood is not 
a debt " incapable of being fairly estimated^^ under section Si of 
the Bankruptcy Act, 1869. 

In such a case, where the annuitant was sixty -Jive years of age 
at the date of the liquidation, it was by consent referred to an 
actuary to determine what (if any) ought to be the deduction in 
respect of the contingency from the value of an annuity of the 
same amount during the life of the annuitant. The actuary was 
to estimate the value of the annuity at the date qf the liquidation 
on the footing of the debtor being solvent, and proof was to be 
admitted for the value when assessed. 

This was an appeal from Mr. Registrar Murray, sitting as Chief 
Judge. 

John Blakemore, by his will, dated 1 February 1868, bequeathed, 
in certain events that happened, his trade and business of a cabinet- 
maker and upholsterer at Leamington Priors, and the capital and 
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stock engaged therein, to his two sons, John and Alfred Blakemore, 
in equal shares, subject and charged with the payment unto his wife, 
Maria Blakemore, during her life and widowhood, of an annuity of 
£80, to be paid as therein mentioned; and in order the better to 
secure the payments thereof, the testator declared that before his said 
sons should be entitled to the benefit of the said bequest they should, 
at their expense, execute a joint and several bond, in a sufficient penal 
sum for securing the payment of the said annuity, and should deliver 
the said bond to his said wife, but such bond should be in addition to, 
and not in substitution of, any rights and remedies which his said 
wife might have for the same under his will. 

The testator died on 23 August 1868, and his will was duly proved. 

In accordance with the provisions of the will, John Blakemore 
(the son) and Alfred Blakemore duly executed a joint and several 
bond, dated 8 January 1874, in the penal sum of £2000, the condition 
being that the bond should be void in case the said annuity should 
be duly paid. 

John and Alfred Blakemore in the year 1876 filed a petition for 
liquidation by arrangement, and Ebenezer Charles Foreman was 
appointed trustee. 

At the time of the liquidation, Maria Blakemore was sixty-five 
years of age. She claimed to prove in the liquidation for the sum of 
£657 as the value, at the date of the liquidation, of her annuity of 
£80, such being the sum given as the value of an annuity of that 
amount on her life in the schedule to the Succession Duty Act, 1853. 

On 13 January 1877, the trustee rejected the proof, on the 
ground of the annuity being determinable upon a contingency 
incapable of valuation. 

Maria Blakemore applied to the Court to admit the proof, but 
MLr. Registrar Murray, sitting as Chief Judge, refused the application. 

She then appealed to this Court. 

On the appeal, 

WinsloWf Q.C., and Finlay Kniglit, for the appellant. — This is a 
debt capable of being fairly estimated. The 3 1st section of the 
Bankruptcy Act, 1869, was expressly passed to meet such a case as 
the present, and the fifth sub-section shows that the mode of valuation 
may be the opinion of a person only. The onue is on the trustee to 
set a value on the contingency, and if we object to such value we can 
come to the Court. 

Itoxhurghy Q.C., and Homer , for the trustee. — This is not a debt 
proveable in the liquidation ; the only debts proveable imder the 
section are those capable of being judicially estimated, and this is 
clearly not such a case. As to a valuation being assessed as a mere 
"matter of opinion", that does not mean mere guess work, but a 
Talue founded on some basis of judicial decision. Your lordships 
must look at this particular case, and not at any general law of average 
governing such a case. How can your lordships say what is the 
chance of this widow manying again ? 

James, L.J. — I am of opinion that we cannot judicially declare 
that this contingency is incapable of being fairly estimated. Like 
every other contingency affecting human life or human conduct it is, 
I think, capable of estimation. No doubt it is uncertain whether the 
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appellant will marry again, just as the duration of any particular lifo 
is uncertain. But though the duration of a particular life is uncertain, 
the ordinary diiration of life at a given age is reduced to a certainty 
when you have regard to a million of lives. The value of the expect- 
ation of life is arrived at by an average deduced from practical 
experience. The intention of the Act was to get rid of the difficulties 
which had arisen in former cases, in which very great hardships had 
been inflicted both upon creditors who were deprived of any share of 
the bankrupt's assets, and upon the bankrupt who remained liable to 
t^e creditors' claims. I think that section 31 was intended to apply 
to all cases of this kind, and pre-eminently to the case of an annuity 
determinable on a contingency. We cannot say that the contingency 
is incapable of valuation. 

Mellibh, L. J., and Baogallat, J.A., concurred. 

It was then arranged that it should be referred to the actuary of 
tiie Law Life Assurance Society to ascertain the value of the annuity 
as a simple life annuity, and then deduct from such value the sum 
which he should think to be the proper deduction for the contingency. 
The valuation to be made as at the commencement of the liquidation, 
and upon the supposition that the debtors remained solvent. Proof 
was to be admitted for the value thus ascertained, and the appellant 
was to have her costs of the appeal, and in the court below. 

Appeal allowed. 

The correspondent to whom we are indebted for drawing our 
attention to the above report^ states that, with due deference to 
the Lords Justices^ he thinks the Court below was right in 
deciding that an annuity payable to a woman during her life or 
widowhood^ is incapable of valuation. He says that^ for many 
years past, he has had the same question constantly arising at 
the Legacy and Succession Duty Offices^ and has found that the 
authorities there consider that there are no tables or statistics 
upon which to value an annuity of the above kind ; and therefore^ 
in passing the account of an estate charged with such an annuity, 
they will not allow the value of the annuity to be deducted^ and 
the account at once closed^ but require actual capital to be set 
apart and deducted on the account, and the duty paid on such 
capital when the annuity ceases by death or marriage. It is quite 
true, he admits, that the whole course of recent legislation in 
bankruptcy has been in the direction of having the whole liabilities 
of a bankrupt valued, so that the creditor may prove his debt and 
receive a dividend upon it, and the bankrupt may be thenceforward 
free from the liability; but he cannot believe that the intention 
of the Legislature in enacting section 31 of the Bankruptcy Act 
was to go so far as to require the valuation of a liability for the 
making of which valuation there exist no sufficient materials. The 
question therefore is : Are there any sufficient statistics whereon to 
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found such a valuation as the one in question F He has been told 
repeatedly that there are not^ and he believes that the Ijegacy and 
Succe^ion Duty Offices will not act on the decision re Blakemore^ 
and will not accept any actuarial valuation of an annuity deter- 
minable on marriage^ — at all events^ not until a trustworthy table 
has been published. 

It seems to us^ however^ that it is matter of comparatively 
little consequence whether there are at present in existence 
tables of the values of annuities teiminable on marriage as well 
as death ; for the probabilities of marriage can be ascertained in 
the same manner, and probably with the same accuracy, as the 
probabilities of death ; and these being ascertained, the values of 
annuities terminable upon marris^e or death can be calculated at 
any desired rate of interest, in the manner explained in Mr. 
Sprague's paper On the Construction of a Combined Marriage and 
Mortality Table, J.I.A., xxi, 406. There is, therefore, no 
theoretical difficulty in the determination of the value of an 
annuity terminable upon marriage or death ; and it seems to us 
that it may be properly held that the Legislature intended that, 
when it became necessary for a court to detennine judicially the 
value of such an annuity, the responsibiUty should be thrown 
upon the Court of having the necessary tables constructed. We 
are quite satisfied that, when the Courts shall require the assist- 
ance of actuaries for this purpose, they will not be found 
wanting. In addition to the published statistics on the proba- 
bility of marriage, among which we may mention the tables in 
Mr. Sprague^s paper above referred to, and his paper On the 
Rales of Marriage among Widows and Spinsters, J, I. A., xxii, 
352, a considerable mass of statistics has been accumulated 
from the experience of the various Widows' Funds .that exist in 
Scotland and elsewhere ; and it has been necessary for the actuaries 
who have from time to time reported on the financial position of 
those funds, to estimate the value of annuities terminable on 
remarriage; and we believe they have done so with very con- 
siderable accuracy. If it became common for the courts of law 
to refer questions of this sort to the opinions of actuaries, we have 
no doubt that, although differences of opinion might at first be 
found to exist, in process of years, as more accurate and more 
extensive statistics were accumulated, these differences would 
become less, until the value of an annuity terminable on 
remarriage would be calculated with as great accuracy as an 
ordinary annuity. In the present case, it appears not to have 
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been thought necessary to have a table of values constnicted^ but 
the actuary of the Law Life Assurance Society was directed to 
deduct from the value of the simple life annuity what he considered 
a proper allowance for the contingency of marriage. We presume 
that^ as in Scotland^ the actuary^s report in such a case would not 
be final, but would be open to review if any party interested was 
dissatisfied and thought it worth his while to challenge the 
accuracy of the opinion ; if, for instance, the widow thought too 
large a deduction was made, or the other creditors considered the 
deduction too small ; but questions of this sort do not seem to 
have occurred in England to the same extent as in Scotland. 



Does Life-Insurance Insure? By Titus Munson Coan. 

[From Harper's Monthly Magdzine, January 1881.] 

I. — The Amount op the American Business. 

Chancellor KENT said in 1828 : '' Nothing can appear 
to an English or American lawyer more idle than the alarm of 
the French jurist, or more harmless than an insurance upon life, 
which operates kindly and charitably in favour of dependent 
families.^' 

Chancellor Kent had in mind the idea of a life-insurance 
business which should be strictly confined to life-insurance ; which 
should be built upon just arithmetic, and managed honestly, wisely, 
and economically, by upright and able men. *^ Life-insurance", 
wrote a Massachusetts commissioner in 1873, ^^ consists mainly 
in receiving premiums, investing them at compound interest, and 
out of the accumulation paying the sums when deaths occur.'* 
Surely nothing could be more harmless, or more beneficial in the 
way of a public trust, than life-insurance; and the trust has grown 
to proportions which indeed call for upright and able men in its 
management. During the fifty years since Chancellor Kent 
wrote as above. Great Britain and Ireland have come to assure 
^6387,000,000 on 810,000 lives; the United States assures 
£541,000,000 on 1,100,000 lives ; while the French, who save more 
money annually than any other country, assure but £78,000,000 
on only 198,000 lives. Is the Frenchman's caution or the 
American's confidence the better justified by experience? " There 
are in this country more than 500,000 families who have voluntarily 
ubjected themselves to a tax, amounting in the aggregate to 
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about ^£20^000,000 a year, and are tinder bonds, more or less, 
in the aggregate amount of about ^£80,000,000 to continue to pay 
this tax for life or for a long period/'* 

Let us look at some of the facts in their experience. I will 
keep mostly to recent dates, in order to avoid the objection which 
may be made that life-insurance is an essentially different thing 
to-day from what it was a few years ago. How far it has been 
bettered, and how far it still needs improving, I will try to show. 

Since 1861 thirty-six companies have started in New York 
State alone : in March of this year only four of them remained. 
From 1859 to 1878, fifty-two companies ceased doing business in 
this State : the most of them failed. Of all American life-insurance 
companies, two have failed, thus far, to one that survives; while 
not one of our surviving lai^e companies has yet reached the 
critical period of its career — the age when heavy pressure from 
death claims 'might be expected. But that pressure, it must be 
added, is not likely to be put upon any of our companies very 
soon, for the sufficient reason that our companies confiscate the 
vast majority of the policies for non-payment of premiums. This 
is done generally at an early period in the so-called investment. 
The average duration of an American policy is only about seven 
years. Of the multitude of policies which terminate yearly in 
our companies, only ''one in ten matures by death; the other 
nine mature by causes other than death.'' f Or, as a searching 
critic of the subject. Professor Van Amringe, of Columbia College, 
has put it : " Of every ten policies which cease, but one will cease 
by death and expiry. One and a-half will be given up for a slight 
compensation, and seven and a-half will be absolutely thrown 
away by the holders.'' 

The amount now at risk in the American companies — 
JE541, 000,000 — though less than it was a few years ago, is more 
than one-twelfth of the entire capital wealth of the Union. Their 
yearly income is more than half the yearly accumulation of wealth 
in the German Empire. In New York State thirty-four companies 
were doing business at the end of 1878. They had over 600,000 
policies outstanding, assuring £296,200,000. Their assets were 
£80,800,000 — more than the value of the entire cotton crop of 

* Tr<Mps Baited with Orphan. By Elizur V^bight, Ex-insurance Com- 
missioner. Boston, 1877. 

t Testimony of Sheppard Homans. Assembly Documents for 1877, No. 103, 
pp. 348-350. Mr. Homans adds, " The odium attached to the forfeiture of so 
many policies has made it very difficult to get new business." One would hope so. 
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the world. Their income for the year was £16,000,000 — a sum 
equal to twice the American tobacco crop of the year, and to more 
than the entire potato crop; or equal, again, to the entire silk 
crop of India, China, and Japan.* 



11. — The Getting of the Money. 

How have the companies come into the possession of thia 
money ? By inducing the public to pay it to them in premiums, 
and by the interest from investments. Most of their bargains with 
the public are made in the shape of life policies ; and endowment 
assurance policies constitute about a fifth of the business. The 
first question is. Do the insurance companies make fair bargains 
with the public? Our annual accumulation of wealth is greater 
than that of any other nation, and we are paying about one-ninth 
of it to the life-insurance people. Is that too much or too little ? 
Have the companies charged an equitable price, say within 
£8,000,000 per year, for the insurance that they have promised ? 

1. They make a large profit on receiving interest at a higher, 
and paying it (when they pay it) at a lower rate. They calculate 
the interest which they promise to pay at four per-cent; they 
receive six or seven per-cent. This is legitimate enough, but the 
policyholders are commonly led to think that they are to get 
much more than four per-cent. 

2. In computing the risks of their business, the companies use 
''a table which gives a death rate, on the whole, considerably 
larger than that which it expects in practice.'' Having computed 
the chances below the average, they then pick out the lives that 
are above the average, and most of the companies refuse to insure 
any other. A man cannot go in from the street and claim life- 
insurance at the average mortuary rates : he will not be accepted 
unless he can satisfy the medical examiners that his health and 
strength are better than the average. This selection of risks is 
another source of great profit. One New York company reported 
its gain from this source, for eleven months of 1869, as £129,800. 
Bid that company charge too little or too much in making its 
bargains ? 



• Mulhall'B ProgretM of the World, London, 1880. In this article I give 
the nearest round numhers, whenever round numhcrs will help to make the 
case clearer. 



I 



1881 .] Does LifeJnmrmce Insure f 181 

3. [This ifl based on Mr. E. Wright's theory of self-inmiraxice, 
and would therefore be unintelligible to our readers. Accordingly, 
we print only a portion of it.] The loading is the charge for 
expenses. But how great is this charge ? The companies make 
a chai^ amounting to one*third of the gross or office premium — 
say thirty-three per-cent of the many millions per annum which 
they receive directly from the public. This would seem^ indeed, 
enough to conduct the expenses of the business. An expert 
estimate gives 18 per-cent as sufficient^ even under the present 
lavish system, to pay all legitimate expenses of management. 

4. Another source of great profit to the companies has been 
the buying-up of policies. This, happily, is not so common as it 
was. How it was managed we may learn from the instructive 
testimony of Mr. Stephen EngUsh.* 

"Q. [Mr. Moak]. What were the irregularities which you 
comphuned of in regard to the Continental Life ? 

" A. Bobbery and plunder. 

" Q. In what way r 

*^ A, They sent agents out all through the West; they would 
call upon a poor unsuspecting policyholder, and by telling him the 
company was insolvent, induce him to give up the policy for a small 
amount, and then pocket the reserve. 

'^ Q. In other words, if the reserve was £600, they would get the 
policy surrendered for a small sum ? 

** A. Yes, for £40 ; and then pocket the difference. 

" Q. Who would ? 

** A, The president and vice-president : they have run away." 

5. The profit from all these sources is many millions per year. 
Yet even these profits do not account for half of the enormous 
wealth of the surviving companies. They have a fifth source of 
profit, which is more abundant than any or all of these four; 
namely, the confiscation, as already said, of the vast majority of 
the policies. In spite of the law of 1879, to be mentioned 
presently, the forfeiture of the policy and the total confiscation 
of the reserve is still the fate of all but a small minority of the 
insured. Here are some of the facts: In 1871 lapse and sur- 
render swallowed up 93 per-cent of the number of policies that 
were terminated in the New York business (Van Amringe). In 
1876 one company confiscated about 2,500 policies — nearly the 
same number that it issued during the year ; 1,254 of them were 
absolutely forfeited, the holders getting nothing for them. In 

• New York Assembly Documents, 1877, No. 103, p. 250. 
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another company, during the same year, ahout 8,000 policies were 
terminated, only about 300 of these by death. Of the balance^ 
about 150 were reinstated; the rest, over 2,000 in number, wei^ 
absolutely forfeited. Still another company, in the same year, 
1876, issued 8^000 policies, and confiscated (always legally) no 
less than 7,500. Of these, however, it bought up, according to 
its actuary's testimony, a large number " simply as a gratuity ^', 
being ^' not legally bound to pay anything '' to the policyholder 
who is behindhand with his premiums.* During the year 1879 
the same company reports 8,615 of its policies as terminated; 
the company is 37 years old, and yet only 1,156 of these policies 
were terminated by death ! How many lapses and surrenders 
there were in its business does not appear in its annual report. 
The latest State returns are for 1878. During that year the 
number of policies terminated in the New York business was 
87,222. Of these, 11,367 terminated by death and expiry; 
while 57,895 were terminated by lapse and surrender, representing 
the failure of £30,000,000 of insurance. The premiums paid 
upon those policies, and the profits accruing thereon, remain for 
the most part as profits to the companies. Do their officers lessen 
the charges for outstanding insurance in view of such experience 
as this ? By no means ; " 'tis not in the bond *\ But some of 
them have announced lessened charges for the future. 

The upshot of this slaughtering of policies, which forms the 
leading feature of our life-insurance thus far is, as we have seen, 
that the average duration, or " life **, of a policy in an American 
company is but seven years. On the so-called "life sentences'' in 
our State prisons the actual average term of imprisonment is com- 
puted at the same number of years. This is more than a curious 
coincidence : it illustrates another of those great illusions which 
rule our much -believing, soon-forgetting, long-suffering community. 

I am speaking of the present as well as the past condition of 
the case as regards most of the policies heretofore issued and now 
issuing. Their usual fate is forfeiture. But, for the policies of 
the future, this principal source of gain to the companies is 
checked by a recent law, the New York State law of 1879. That 
law provides that no policy issued after 1 January 1880, and kept 
up for three years, shall be forfeited by subsequent non-payment 
of premiums; but that the reserve, computed at 4J per-cent, 

• Assembly Dotumeutu, 1877, No. 93, p. 23. 
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which shall have accumulated on the policy^ shall be applied, 

according to its amount, to the purchase of further insurance. 

This further insurance may be either a continuance of the original 

policy as long as the reserve will pay for it ; or paid-up insurance 

under similar conditions to those of the original policy — of course 

for a smaller amount, and generally for a very much smaller 

amount. In one case the law allows a cash payment. In the 

case of failure to keep up one^s endowment policy, the excess of 

the reserve, if there be any excess at the end of the term of years, 

shall be paid to the policyholder if he be still living. The new 

Massachusetts law (Act of 28 April 1880) provides that on 

policies issued after 1 January 1881, the holder who shall have 

paid his premiums for two years shall be credited, if he fail to 

make further payments, with either life or endowment insurance 

for such an amount as his reserve, less eight per-cent charges, 

will purchase. If he have no wife or dependent child, he may 

draw this reserve in cash. A fair surrender value on ordinary life 

policies is one of the chief things needful in future insurance. 

But these laws will be a great deliverance to those who shall 

entrust themselves hereafter to life-insurance under the present 

system. They would have restored hundreds of millions of dollars 

to American families had they been enacted and enforced thirty 

years ago. 

These are the chief sources of the profits of the companies, 
and we see that they are vastly in excess of equity, and that the 
cost of life-insurance is proportionately too great. This matter is 
summarized in a few words of expert testimony which I will quote 
from the State investigation of 1877. The case supposed is that 
of a policy of £1,000, payable at death, the holder being assured 
at the age of 25, and paying £20 annually : 

" Q. [Mr. Moak]. Of an annual premium of £20, £6 would 
be for loading, £5 for mortality, and £9 for reserve; to secure for 
himself such an insurance at his age he pays £20, and gets just 
£5 worth ? 

** A. [Mr. Sheppard Homans]. Of insurance, yes. 

" Q. In other words, on the mutual plan, without expense [of 
agents and management, <&c.], £5 would pay for just as much 
insurance as he gets now by paying £20 P 
A. Certainly. 

Q. You say £5 actually pays for the benefits which the man 
actually gets in insurance for which he now has to pay £20, or, in 
other words, which the present system requires him to pay ? 

"^. Certainly." 
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— Considering^ I should add^ that at 25 the insurer's expectation 
of life is 39 years^ while that of his policy is hut 7 yeai*s I 

Of these excessive profits the agents promise to return a great 
part in dividends; a small part of them is actually so returned. 
But the whole system of dividends to policyholders is a vicious 
one. The promised dividends are a bait to the public^ and the 
occasion of an irresistible temptation to the ofiicers of the com- 
panies: the excessive premiums which make them possible 
demoralize the business. The more nearly a premium approaches 
the minimum that is consistent with security^ the better both for 
the companies and for the insured. 

III. — The Spending of the Monet. 

It may be said^ Grant the fact of these abuses : do not these 
very overcharges make the companies stronger, and so accrue to 
the benefit of the policyholders ? They would if the companies 
used the money in that way. But we have seen already that the 
companies, even the oldest ones, let but a small part of the 
policyholders' money go back to them. The agents of the com- 
panies distribute little tracts, pleading with the public for their 
salvation by life-insurance, and pleading with more zeal and at 
greater expense than any tract society. One company admits 
paying in one year (1876) the sum of £12,000 for '' printing and 
stationery.'' And in these tracts they announce, among many 
other good things, the actual payment of large sums upon their 
policies^ But let us see what large sums, to which attention 
is not called in their tracts, they spend on other objects than the 
payment of insurance to the beneficiaries of their policies. 

The New York companies reported £16,000,000 income for 
1878, and £14,400,000 expenditures. A considerable part of 
this sum was doubtless paid to widows and orphans — ^how much, 
the report does not make clear. Mr. Wright estimates that of 
£20,000,000 paid annually in premiums to all American companies, 
about one-fourth is annually returned to the beneficiaries. In 
the New York business of 1878, as reported by the companies 
themselves, £600,000 were paid to agents ; £600,000 more went 
for salaries, medical fees, ''and other charges of employees"; and 
a lump sum of £1,000,000 is reported, without any explanation, 
under the heading, ''AH other expenditures". This makes 
£2,200,000 per annum for running the business in New York 
State. 



1881.] Does Life-insurance Insure ? 185 

Nothing is harder than to analyse accounts in which there are 
conceaiDients and evasions. But we may gather from more sources 
than one some interesting details respecting the ways in which our 
insurance companies scatter the policyholders' money. They are^ 
principally^ payments to agents; payments in salaries^ fees^ and 
bonuses; cost of buildings; loss in speculation and in bad 
inyestments ; and loss by lega] plunder and wrecking. A glance 
at each of these great drains will be enough. 

1. Payments to agents^ called the " cost of getting the business ''. 
During the years 1876, 1877, and 1879, a single New York 
company paid nearly £400,000 to agents. If we look back to 
the times of inflation in the business, we shall find still higher 
figures. During five years, 1867-1871, the authorized companies 
of New York State paid ^68,000,000 to agents, and but £15,000,000 
during the same period for losses and claims. These are the 
reported figures; but the usual practice has been to pay the 
agents 30 per-cent of the first premium paid, and seven and 
a-haif per-cent on from six to ten annual renewals. Thus the 
agent gets £75 out of £700 paid in £100 premiums for seven 
years ; but seven years, as we have seen, is the average limit of 
the existence of an American policy. As the great majority of 
the policies last less than seven years, the agent receives at least 
15 per-cent of the whole premium payments. The agents get 
less now than formerly, because the business is less ; but the 
community is still paying to them a tax of probably £2,000,000 
per annum. Millions past our counting have been won from the 
public by their solicitations. The agents persuade people into 
insurance that does not insure. The reformed system will insure, 
but it will conduct the business without agents. It should be 
known to those of us who are interested, that the strongest 
English company, the Equitable Assurance of London, built up 
its great business and its reserve of £11,000,000 without employing 
agents; it has ''never paid any commission at all^'.* ''Good 
wine needs no bush '', and there will be no need to tease people 
into insurance that does insure. 

2. Salaries and bonuses form an important item in the " cost 
of conducting the business ''. Salaries, indeed, there must be, 
and under the present system not a few of them, in order to get 
men enough, and capable ones, to manage a business that is 
injuriously enlarged and complicated by questions of dividends 

* AMcmbly Documents, 1877» No. 103, p. 351. 
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and profits. Bat even under this system the salaries should be 
kept within bounds. Est modus in rebus ; there is, or should be, 
a limit to everything, even to life-insurance salaries. They should 
be paid only to competent persons; and they should not be 
supplemented by bonuses. In 1879 ten New York companies 
paid for salaries and "other compensation", to employees in their 
home offices only, i£19 1,600; this does not include medical fees. 
And a single president admitted, at the State examination of 1877^ 
that he had received £105,181 from the funds of his company 
during eighteen years, in salaries and " extra compensation '*.* 

In one great company, it was testified at the same examination, 
'* There were bonuses paid to the officers for a series of years, and 
put down as dividends to policyholders'', f The vice-president of 
that company testified as follows about them : 

" Q. [Mr. Moak]. How much did the aggregate of the bonuses 
amount to ? 

" -4. I have no recollection, sir. 

" Q. Can't you give us within £100,000 ? 

"^. Hardly." J 

He adds that after continuing this practice two or three years, the 
officers of the company " discovered it gave rise to comments '', 
and stopped the bonuses. The practice, one would say, might 
profitably "give rise to comments'' both on the part of policyholders 
and others. So also might the conduct of the president of the 
same company. The editor of the Insurance Times testified that 
this president's " son had a policy, and he allowed it to lapse, and 
at his death the policy was revived." In that company, out of 
8,595 policies terminated in 1878, 6,300 were terminated by lapse 
and surrender. None of these policies were "revived". In 
1879 it terminated 8,615 risks, but only 1,156 of these were 
terminated by death. 

3. Miscellaneous extravagance. Under the head of "all other 
expenditures", the New York companies report an item for 1877 
of £1,300,000, leaving the public to guess how they spent the 
money. A part of it goes for the costly buildings which the 
insurance companies think it necessary to put up. The president 
of one New York company, after stating the amount of his salary 
to be j£7,50O per annum, went on to say that bis company had 

• Testimony of H. B. Hyde. Assembly Documents, 1877, No. 93, p. 35. 

t Testimony of Stephen English. Document 103, p. 246. 

X Testimony of Richard A. McCurdy. Documcut 103, p. 98. 
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paid about £800^000 for their building in New York^ and more 
than £200^000 for their building in Boston :* for the two^ more 
than half the estimated total cost of the Cologne Cathedral 
(jE2^0(X)^000). The company's officers claim that their buildings 
are good inyestments^ but whether they are or not is a hard 
question for an outsider. But another extravagance which I will 
mention is clearly not a good investment. A vice-president of a 
leading New York company testified in 1877 that the cost of 
"luncheons'* given to 117 officers and clerks in the New York 
office, was about £1^200 per year ; and he " could not say " that 
the cost of luncheons and wine dinners (the wine dinners were 
stopped in 1876) did not exceed i62,000 per year.f 

4. Bad investments and speculation. Of course^ there is no 
absolute safeguard in any business against making bad invest- 
ments. But as the insurance people have got the people's money 
fliimply by asking for it^ and in vastly greater amount than is 
needed for fair and honest insurance, the result is that on the one 
hand the companies indulge in unnecessary and extravagant 
expenses of many kinds, while on the other they take risks 
wantonly, and many of them have been ruined in consequence. 
But I have not space to give details on this point, to which I may 
return another time ; nor can I give more than a glance at the 
facts respecting the last way I will here mention in which the 
policyholders' trust is scattered to the winds. 

5. The wrecking of the companies. "The State", says a 
writer in the International Review^ " has never saved a company. 
It has connived at the ruin of many, and has itself ruined some 
which needed only patience to be cured. . . . The State is 
like a physician who, finding a patient with symptoms of a grave 
disease, should kill him at once lest he die of the complaint here- 
after." In the ''transfers" of eight companies (1871 to 1877) to 
the Universal, the same writer estimates that £5,000,000 worth of 
policies disappeared, and that in the Universal nearly £15,000,000 
finally disappeared within that period of seven years. 

IV. — Remedies. 

1. The great majority of our policyholders are in the grasp of 
the old system. What shall they do ? Mr. Wright holds out this 

* Testimony of H. B. Hyde. Document 93, p. 46 ; 103, p. 218. 
f This b the same vice-president who could not recollect within £100,000 
the amount of the honuses given to officers in his company. 



138 Does Life-Insurance Insure ? [Oct, 

hope, and it is their principal hope. He says: "The present 
policyholders are bound by contracts which they never would have 
made if they had fully understood the subject. If they will unite, 
they can oblige the Supreme Court of the United States to decide 
whether their rights, under these contracts, are not as good as if 
they had been rebels.^' (In the seceding States policyholders 
were allowed their reserve by just decision of the Supreme Court.) 
Without such a decision, the great majority of the policies now in 
force will in the future lapse, as they have lapsed in the past. 

2. For the future, the individual may secure himself to a 
certain degree. " Insist upon having inserted in the policy how 
much cash the company will pay at the end of each and every 
policy year in case of surrender. There are at least twenty solvent 
companies in this country that will do it when this demand is loud, 
enough and general enough.^' Remember that " whether a man 
will be able to pay in some future year is often as much a matter 
of uncertainty as whether he will die in that year." 

8. Take an endowment policy for a long term. Never take a 
whole-life policy, to embarrass the declining and unproductive 
years of life. A life policy, if it is kept up, becomes "a trap 
which screws up tighter and tighter, till liberation comes by 
death.'' A friend of mine has already paid on a life policy for 
£2,000 the sum of £2,600 in premiums. Counting interest at 
the legal rates on the payments, he is already some jE3,000 out of 
pocket; and though he is no longer young, he bids fair to be 
called upon to pay premiums for more than a few years to come. 
I will not call his case a common one, for very few policyholders 
keep up their insurance as long as he has done. But for those 
who do, it is a losing investment, even where dividends have been 
paid ; it is a game in which one cannot win even by dying. 

Our present system of life-insurance, in a word, needs radical 
reform, or it will perish. The public has entrusted to the com- 
panies a money interest that is far too great for the honesty, 
ability, and prudence that have been brought to its management. 
The public has entrusted this money to the companies in the 
absence of legal safeguards ; these are, at last, slowly and pain- 
fully, and by an unequal struggle, being raised around this great 
trust. Never in histoiy or mythology has such a rain of gold as 
this descended upon the heads of common men. The way in 
which they have misused it forms the strongest of comments upon 
the danger to our community, which thinks itself a free one, from 



1881.] Life- Assurance does Assure. 189 

the overmastering power of great moneyed corporations — the danger 
long ago pointed oat by Tocqaeville. 

Por the companies of the future a greatly decreased cost of 
insurance^ a greatly decreased cost of management^ and summary 
punishment of peculation^ must be the rules. The companies 
should be strictly mutual ; there should be no baiting of traps with 
dividends ; the companies must stick to life-insurance^ and leave 
dividends to the banks. For the policyholders the aid of wise 
l^islation is to be sought. The hasty abandonment of policies 
chiefly benefits the companies. Mr. Elizur Wright^ Mr. Homans^ 
and other able and honest actuaries^ have their plans^ which I 
cannot now describe^ for making insurance safer and cheaper ; and 
the experiment of ready-money insurance (like that of the New York 
Stock Exchange) may be tried and elaborated according to need^ the 
principle being that each person assured shall contribute a stipu- 
lated sum on the occurrence of a death in the society. Under this 
system (extended to include endowment policies) there are no 
accumulations to be squandered^ and no great expenses of manage- 
ment. It is worth trying^ until such time at least as the instituted 
life-insurance shall be radically reformed^ and extend its promised 
and needed blessings to the country that hitherto it has plundered. 



Life-Assurance does Assure. By Rev. Stephen H. Tyng, Jun, 
[Abridged from Harper's Monthly Magazine, April 1881.] 

A.S a policyholder^ I am impelled by recent strictures upon 
life-insurance to re-examine the reasons of my confidence. Does 
life-assurance assure? The question in debate is the trustworthiness 
and economy of the science and the system. The examination 
that I now make is in the interest of no company^ and in controversy 
with no critic. 

What Life-Insurance has done. 

The life-insurance system has been for two centuries a positive 
force in the progress of modem civilization and the accumulation 
of national wealth. It has been an important educational factor 
of every community which it has influenced^ in habits of economy^ 
prudence^ and providence. And it stands to-day side by side 
with the savings-bank and the trust company^ sharing the con- 
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iidence with which men who seek the welfare of their fellows 
crown all three. 

Its special plea is a provision against the unequal risks of life^ 
and its peculiar feature is an interest-bearing fund, to which its 
prospective participants contribute each his share. 

More than £4,200,000 was divided, in sums averaging about 
£500, among widows and orphans by the companies which 
reported to the New York Insurance Department in 1879. Nearly 
£1,800,000 in addition was paid on the maturity of endowment 
policies. Above £2,400,000 was returned to twenty thousand 
persons who have voluntarily withdrawn. 

In all forms more than £11,200,000 was thus distributed 
in 1879. Since 1 January 1859, nearly £152,000,000 has been 
distributed by this system among policyholders for death claims, 
endowments, surrender values, and dividends, by the companies 
doing business in New York. 

And yet, in the face of such facts, we are told that life-insurance 
has outlived its usefulness, and that a newer and better plan has 
been evolved from it. 

The Life-Insurance Bargain. 

In judging any company, the order of criticism should be, 
first, the character of the men managing its affairs; second, the 
safeguards of the system accepted by them; third, the fact 
that it is firmly established, having successfully surmounted 
the diseases incident to youth; and fourth, the relation of its 
resources to its liabilities. These are the facts with which life- 
insurance agents deal. They have a merchandise for sale. • In 
this aspect of their dual office they are '^ drummers '^ for trade.* 
The policy is a contract enforceable by law, but dependent, 

• In 80 widely diffused a population as ours, aj^ents are an essential element 
of any successful system of commerce. The Equitable Company of London has 
never employed agents with their proper name, but it has district secretaries, 
with fixed salaries, instead of contingent commissions, to whom are entrn8te<l 
local interests, and from whom is expected the increase of its business. To all 
intents they are the same as our solicitors. The real result of the policy of 
ignoring agents, and refusing to pay commissions, which has been adduced as 
the feature of this traditional champion and exponent of a wise economy, is 
easily shown. Originated in 1756, the company's funds had accumulated in 
1839 to £10,689,932. But from that time the decadence and depletion have been 
rapid, without even a spasm of recovery. In 184-9 the fund had fallen to 
£8,858,0^7; in 1859, to £6,564,671; in 1869, to £4,609,736; and in 1879, to 
£4^246,474. Meanwhile its policy issues have dropped to a minimum; for in 

'^ the company issued only 136 policies, insuring £185,050, the new premium 
e of that year being but £6,357, while the management expenses were 
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perhaps more than any other into which we entcr^ upon the 
int^rity of the men with whom we covenant. The bargain is 
fair if we make it. Dry-goods, food, and insurance, are worth 
their market price to the purchaser. What avails it to tell the 
buyer that the seller is either making or losing money by the 
operation f If he want the fabric or provision, he must and he 
will pay the price. It is equally foreign to the argument to urge 
upon him, after he has paid his money, that the seller has paid 
lai^ commissions to his drummers, cleiics, porters, besides an 
enormous salary to himself, and that he has such facilities to loan 
money that he has been able to command a higher rate of interest 
than is ruling generally. In the face of all such counsels, 
piiFchasers and policyh(dders will, year after year, return to the 
old stand, if they are satisfied with the commodity, until they 
eome to be called customers. The law of supply and demand 
will control in this as in all other forms of barter or traffic 

The Scientific Security of the System. 

The next question of interest to the buyer is the ability of the 
principal to deliver the goods sold by the agent. This is answered 
by the good repute of the house with which he deals, and the 
certified resources at its command. The examinations of the 
State, year after year,, give him in assurance a more certain basis 
for his confidence than any mercantile agency can possibly furnish 
to the trade. Ue has not only a sworn certificate of the financial 
condition of the company with which he contracts, but the 
impartial testimony of experts deputed for the purpose of audit 
by the Insurance Department. What are the facts which the 
applicant in this year, 1881, may compare before he commits 
himself to this covenant? In all the companies reporting to 
the State in 1879, there was £65,644,962 of re-insurance reserve. 
This is the amount necessary to cover all liabilities under contract. 
But besides this there was £13,055,544 of surplus as regards 
policyholders. All this is the property of nearly 600,000 out- 
standing policies, or, besides security for the amount pledged to 
each, the companies hold as trustees an average sum of £22 for 

£8,307» of which directors' fees alone absorbed £2,937> or 85) per-cent. So 
moch for the vaunted value and economy of the non-agency, non-commission 
^licy of the Equitable of England. 

[We presume that few of our readers will require to be told that this 
statement is not correct, and that the Equitable of London has no district 
secretaries. — Ed. J,I^.'\ 

TOL. XXIII. L 
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every policy at risk. The case is still stronger if the three largest 
New York companies are considered in their separate responsibility. 
The wider the scope of business^ the better do the averages work^ 
and the greater the security of the assured. These companies 
report £27,225,878 of re-insurance reserve, and £5,215,093 of 
surplus applicable on policies, or absolute security for all risks, 
and £27 held as an average additional property of each policy. 
The moral integrity of the managers being assumed, there can be 
no reasonable doubt of their financial ability to fulfil to the letter 
every maturing contrlict. 

An additional and most impressive enforcement of both these 
factors of confidence, is gained by a long look through the past. 
The figures make an argument for the reliability of the system,, 
which no rhetoric can overturn. From the New York life-insurance 
reports, since the organization of the department to its last report, 
as of 3^1 December 1879, I glean my statistical compend. The 
31 companies of this and other States, whose figures appear in 
the tables of the twenty-first annual report, received from policy- 
holders in premiums, cash and note, during the twenty-one years, 
or such portions of that period as are covered by their reports, 
£179,675,206. 

During the same term these companies paid to policyholders, 
for death claims, matured endowments, annuities, for lapsed policies, 
surrendered and purchased policies, and for dividends, £120,614,623. 
The assets of the same companies on 31 December 1879, amounted 
to £80,303,159, less amount of capital stock, £861,380, or a net 
sum of £79,441,779. Let this be added to the amount distributed, 
and we have £200,056,402 as the total paid to, or now held in 
trust for, policyholders. But if from this latter amount be 
deducted the receipts from policyholders, there remains, as the 
past and prospective gain over the payments by policyholders, 
£20,381,196. 

This statement, which is incontrovertible, shows the positive 
side of security as no figures of speech could pourtray it. But to 
this let me add a similar comparison bearing upon the relative 
advantages of large or small companies to the policyholder. The 
three largest New York companies, during the period covered by 
the reports from which I quote, received as premiums £72,707,683, 
and paid to policyholders £48,225,280. Their assets, less capital, 
were. £32,794,483, making the past and prospective net profits to 
policyholders, derived from interest, over and above premiums paid 
by them, £8,312,080 — or more than 41 per-cent of the gain to 
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policyholders of all the 31 companies. These enormous assets 
and gains make the contract of life-insurance " double sure^'^ unless 
cogoea are in the direction of the companies. ^ 

Life-Insu&ancb Failures. 

As a matter of history^ I think it will be admitted by all critics 
that in no series of facts has '^the law of the survival of the 
fittest" been more undeniably illustrated than in the record of 
life-insurance companies. During war times and in the after 
"boom'% there were many abortive attempts on the part of 
adventurers to embark in this business^ and by men who were 
ignorant of the principles of the science and inexperienced in the 
details of the system^ and who^ moreover, had been unsuccessful 
in other fields. But competition with the old and sound companies 
compelled such moribund institutions to close their doors and 
booka.^ Not all of them were dishonest. Not a few voluntarily 
retired from business after making adequate provision for all their 
liabilities. The failure of so many life companies suggests another 
fact which sustains my argument for the strength of surviving 
companies. During the seventeen years of depreciated currency 
(1862-1878), when the mean average premium on gold was 
30 per-cent, the life companies doing business in New York 
received in cash for premiums £225,145,200, and expended 
£149,324,990. Excess of cash income over cash expenditure, 
je75,820,210, or an average of £4,460,000 per year. Upon this 
excess the companies had to bear the burden of a 30 per-cent 
depreciation, or £22,746,063 (equal to £1,388,000 per annum 
from 1862 to 1878), up to such time as resumption brought 
currency to par. 

A careful examination has convinced me that, with hardly an 
exception, these failures have occurred in the life of companies 
which have not attained half the age of legal majority. Hardly 
one company of fifteen years' standing can be found in the black 

• There were, in 1859, only 14 life-insurance companies authorized to do 
bosinen in this State, 8 of them being New York companies. In 1871 this 
number had increased to 41 New York companies, and 30 from other States — a 
total of 71 companies. Of these 71 companies, only 31 (12 of wliich are Now 
York companies) are now actively engaged in business in the State. Meanwhile 
51 companies (33 New York companies and 18 other State companies) have 
lapsed by failure, withdrawal, amalgamation, or, as in the case of three companies, 
by the department's estoppel upon their taking new business. It is safe to say 
that, of more than 170 life companies which have had a name to live all over the 
United States, only some 45 survive. In fact, a standard insurance authority 
publishes the names of 100 life companies which have retired during only the 
last twenty years. Nor do we know of more than one or two life companies 
organized since 1868 which have survived to this time. 

L 2 
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list. . The marvel is not that so many companies have closed their 
doors^ but that so large a surplus has been successfully carried 
over from a period of inflation^ by companies which all the assured 
recognize as firmly established. 

The scrutiny of the public press^ and the increased vigilance 
of the insurance departments^ have put life-insurance companies 
to a test beyond that to which any other similar institutions have 
ever been subjected ; and they have come out from the trial with 
a reputation that other financial corporations might well envy* 
Taught by experience^ the public have become more discriminating 
in the selection of the company to whose fidelity they intrust the 
intei^ests of their dependents. There may have been companies 
constructed for the purposes of fraud. But they have disappeared^ 
and the fittest survive. " Things refuse to be mismanaged long. 
Though no checks to a new evil appear^ the checks exist and will 
appear.'^* It is grossly unfair to discriminate against insurance 
companies in the application of this law. Banks have failed. 
Railroad companies have collapsed. Merchants have become 
bankrupt. We have just emerged from an era of fraud. Who 
condemns the bank system^ the railroad enterprises^ and mer« 
cantile ventures^ because dishonesty^ taking advantage of inflation^ 
has tainted their past 7 f But taking all companies — good^ bad^ 
and indifferent — into account^ it is claimed that ^Hess than one 
per-cent of all the money ever invested in life-insurance in the 
United States^ has been lost through mismanagement^ dishonesty^ 
failure^ or other cause.^^ % 

How is our conviction strengthened by the wise use made of 
the money which is the collateral of the contracts 7 Investments 
in buildings have been criticized. But the receipts for rent 
substantially off-set the charge. Other applications of the assets 
come under the direct inspection of the department. In 1870^ 

* Emerson. 

f According to a railroiid journal, during 1880, thirtj-one railroads, with a 
mileage of 8,375, with £33,200,000 in stock, were sold under foreclosure. In 
five years, 228 roads, with a mileage of 20,000 — nearly 23 per-cent of the 
present total mileage — and representing a nominal investment of £247,200,000, 
became bankrupt. 

J The L088B8 BY Fatltjrto kot Onb peb-cent ! — The life companies of this 
country have received, from the time the business was first commenced down to 
the present date, the enormous sum of £247,637,000. The losses by all the 
companies that have ever failed here, will reach between £2,000,000 and 
£2,400,000, on a very liberal estimate. It is thus shown that 99 per-cent of aU 
the money that has been intrusted to the life-insurance companies has been 
faithfully administered. There have been failures — large failures, and scandalous 
ones — but the interest as a whole has been, and is to-day, as secure as any 
human institution the sun ever shone on." — 2^ Insurance Monitor, 
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when 71 companies were contending in New York^ at least 11 
per-cent of the whole assets was reported as unproductive. The 
oee ia reyersed in 1880. Every company now doing business 
in this State has not only all its reserve drawing interest^ but all 
of them together have £8,920,000 in excess of their reserve 
productiyely invested. Of the gross assets, at least 93 per-cent 
is interest-bearing, the small balance being chiefly the moneys in 
coarse of transmission from agents, in process of investment, or in 
bank awaiting the payment of claims. 

The last element of uncertainty in life-insurance is '^thc 
critical period of heaviest pressure''. Have the companies that 
have survived the deluge of inflation, made their way through this 
wilderness ? The definition of such a period is a matter of pure 
speculation. It is, according to actuarial subtleties, not very far 
off for our oldest companies. But if it exist in fact, how are these 
companies prepared to meet it? If they should cease business 
to-day, their assets, if administered as heretofore, would more than 
suffice to meet every liability as it may mature. This ought to be 
enough, for "sufficient unto the day'', &c. But practically there 
ia no such thing as ''a critical period" in a well-ordered company, 
after it has passed its infancy. During the first five years of its 
existence, the demand for £30,000 annually in death claims 
might have tested its resources ; whereas the payment by one of 
the largest companies of £1,400,000 in death and endowment 
claims during 1879, passed as a mere incident of the business. 

Thb kecoonized Difficulties in process of Solution. 

As one of the assured, I find the system begirt by objections 
just now. So far as they are based on real evils, there seems to 
be, on the part of the companies, an honest determination to 
grapple with, and, if possible, to overcome them. Some of the 
criticisms relate to features which have been already corrected, 
whilst others anticipate the crystallization of questions still in 
solution. Let us look at some of these from the point of view 
of the assured person. 

Is IT A Plutocracy f 

There is really danger to the people in the creation of a 
plutocracy. The corporations of the land, and their vast accumu- 
lations of capital, are a standing menace to the personal and 
political rights of the community. The power that they are 
capable of wielding, and the monopolies of their franchise, may 
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well excite anxiety. The opposition of the Grangers to our rail- 
road system^ is the most prominent illustration of this popular 
unrest. Is life-insurance rightly placed in the same category? 
There are now only one or two strictly proprietary companies 
doing business in these States ; and influential as they are^ there is 
no i*ea8onable ground to fear their oppressive growth. Others are 
formally constituted on the stock basis^ but are practically mutual 
in their methods. Nor is the comparative business of all these 
combined^ a very large factor in the system. We have not as yet 
reached a basis for this allegation. But a chamber of life-insur- 
ance^ made up of representatives from all the leading companies, 
may prove the dominating force. This would be possible, if com- 
petition were not so commanding an element in the conduct of the 
business. As a matter of fact, the centrifugal far outmeasures the 
centripetal force of the system. The attempt to unite all com- 
panies in such a representative chamber was long since a demon- 
strated failure. We are brought down, then, to the system as a 
simple whole. Notwithstanding its distracting and diverse influ- 
ences, making combination almost impossible, we are asked ta 
believe that the mutual principle is the source of danger to our 
interests. This is the reductio ad absurdum. For the policy- 
holders are the constituents. They are voters, and have a standing 
in court. From them proceeds the authority of administration, 
and they have swift methods for vindicating their jeoparded 
interests. The people are the Pluto. They are asked to dread a 
spectre ; but, like that of the Brocken, it is only the shadow of 
themselves cast upon a cloud. The mutual life-insurance system 
is a democracy. It can never become other than this without a 
coup d'etat. 

The facts bear out this theory. 

Losses and claims paid in 1879 £5,994,627 

Paid on lapsed, surrendered, and purchased policies . 2,540,637 
Plaid dividends to policyholders 2,666,165 

Total paid policyholders, 1879 .... £11,201,429 
But the receipts from premiums in 1879 were . 10,544,344 

Excess of payments over receipts hy the companies . £657,085 

From this table it appears that the assured have actually received 
.€657,085 more than they contributed in the same year. This 
does not look like oppression. 

The thing for which each assured person bargains is the 
assurance of his life. This he receives ; and besides this, so long 
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as his policy is in force^ he secores as additional advantage certain 
dividends which the critic calls " profits ''. But the word " profits " 
is a misnomer^ and misleading when applied to life-insurance. 
Strictly speakings there are and can be no ''profits'' to either the 
eompany or the policyholder. On the contrary, the whole business 
is based on the certainty of loss. This is its unique and anomalous 
position. The premium paid on a Ufe policy is a loss of money, 
which the assured does not expect personally to recover. The 
dividends, so called, are, in marine insurance, named return 
premiums. At the end of the year the account with each life 
policy is balanced. Whatever amount of the premium is not 
needed for security is returned to the assured. This rebate can 
scarcely be called a profit. If death should intervene, and the 
policy be made good, its adjustment is a loss of life to the assured, 
and a loss of so much money to the other members of the society. 
Fire and marine insurance anticipate but little loss among the 
number of their risks. 

The savings-banks are not thought to endanger the rights of 
the community, and yet they lack the mutual element of organiza- 
tion. They are administered by self-perpetuating boards. There 
is this fundamental difference in favour of life-insurance. But 
who fears that the millions of assets held by savings-banks will be 
made a power to grind the faces of their poor depositors ? The 
only ground for such demagogism as that which decries the 
plutocracy of life-insurance, is the practical disuse of the suffrage 
by the policyholders. It is in the power of the assured in mutual 
life-insurance companies to dethrone Mammon, if he have seized 
the highest place and call himself president. That they do not 
often do this, is the best evidence of popular unbelief in this 
aspersion, and the best testimony that the society can give to their 
satisfaction with their trustees. 

Surrender Values. 

The next inequity which demands examination, is the surrender 
value of policies whose holders wish to retire from their contracts. 
This is admitted on all sides to be a vexed question. But as in 
England, so here, competition will be its cure. When an assured 
person determines to discontinue his risk, he is liable to lose sight 
of the fact that he is one of a community, and has no right to press 
the equity of the one against that of all. He is tempted to look 
at the matter too selfishly, and is surprised that so small a per- 
centage of his payments is found in the offered price for surrender. 
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If he be troubled about hi» healthy he will not think of with- 
drawal. If hia chances for life be below the average, he thinks it 
no inequity to resort to any expedient which will keep his policy 
in force, and thus add to the risks of other persons assured with 
him. What right, then, has he, on the other hand, if his chances 
of life be far better than the average, to leave them with all their 
associated burdens, and withdraw the whole of his investments ? 

The position of the company is in this matter mediatorial. 
It must deal fairly with both sides. The amount that it pays 
must be reduced by the ratio of accumulated risk which the with« 
drawing person leaves to the remaining members of the association. 
Whilst in common law the retirant has no claim, his rights have 
been sufficiently guarded by the recent legislation of the State of 
New York. He has, in the policy which he has read and accepted, 
voluntarily waived all surrender values. The commonwealth have 
secured to him an amount of paid-up insurance represented by a 
certain propoi*tion of his reserve, or a cash compensation to be 
determined by the relative interests of those with whom he is 
associated in the company. The equity must be determined by 
circumstances. The company in following equity must not forget 
justice. The comparison between the rights of one and all, is the 
important element in its decision; for it is the interest of the 
society of the assured to have the payments continued to the end 
of all lives or terms. They can never consent to a premium 
upon breach of contract. The duty of a company to its faithful 
constituents often compels an appearance of close dealing with 
those who withdraw. 

Lapsed Policies. 

Cognate to the question of surrender values is the difficulty 
connected with the " lapsing of policies ^\ A life-insurance policy 
is a contract to which there are two covenanting parties. On the 
one side there is a solemn agreement to pay periodically a certain 
sum, and on the other an engagement to pay a much larger sum, 
on the death of the assured, or after a limited number of years. 
The ability of the company to fulfil its plighted agreement depends 
largely upon the faithful fulfilment of his promise by the assured. 
Here are all the conditions which are needful to bring the trans- 
action under the law of contracts. So far, then, from clamoring 
for clemency, the assured who faults in his part of the agreement, 
or seeks release from his obligations, is liable to a claim for com- 
pensation from the company. His failure, in so far as he is able, 
strikes at the solvency of the company, entails actual loss upon it, 



1881.] 



Life-Auwrance does Assure. 



149 



and endangers the interests of all who share with him the advan- 
tages of the system. His breach of contract is a civU crime^ which 
only desperate circumstances can condone. Moreover^ there is an 
element of moral obliquity in it. He has expressly consented to 
certain conditions written in his policy^ and now he falsifies the 
eonfidence which the company have placed in his promise. They 
have all this while held his ^^ word to be as good as his bond''; 
bat he evades his pledged obligation^ and poses himself as a 
martyr, while in law, equity, and morals, he is really a sinner. 

Whatever may have been the history of fraudulent companies 
in the past, it is the generally accepted theory of educated and 
honest life-insurance men everywhere, that lapses are a loss, and 
not a profit. Companies, in the interest of those who abide by 
their contracts at the cost of much self-sacrifice and self-denial, 
have a just cause of complaint against persons who for trivial 
reasons thus forswear themselves. For whom are the officers 
mnning the companies ? — ^the benefit of those who stay in, or of 
those who abandon their contracts and go out ? Unquestionably 
for the former. Does not the outcry of policyholders in fraudulent 
companies which have failed, tell the story? If the company 
break its contract, '' all the little dogs. Tray, Blanche, and Sweet- 
heart, do bark'' at it. No assured person, however many 
insurance agreements he may have shirked, is base enough to do 
it reverence. This is the other side to this matter, which intelli- 
gent and conscientious men should consider before they complain. 
But such strictures against the number of lapsing policies are 
both disingenuous and untimely. The year 1871 has been chosen 
as the extreme illustration of this evil. I follow the objector in 
the path of examination indicated by his references. New York 
reports for that year show the termination of policies : — 





By Suireiider. 


By Lapse. 


By all Ways. 


New York companies . 
Companies of other States . 


15,732 

10,774 


53.658 
85,048 


104,760 
74,717 


Total . 


26,506 


88,706 


179,477 



The ratio of policies terminated by lapse and surrender was in all 
reporting companies 66*14 per-cent of all policies terminated, and 
not 93 per-cent, as charged. This is a difference which is not 
only considerable, but which carries with it other and important 
explanatory suggestions. In years when notes were protested by 
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the basketful^ when nearly two hundred railroads had made default 
in the payment of interest on their bonds^ when banks closed their 
doors and suspended payment^ when wages were at their lowest 
point, the percentage of failure in paying life-insurance premiums 
was about 67 per-cent of policies terminated in all ways. But 
now the tide has turned. The surviving institutions have been 
strengthened by the strain to which they have been subjected. 
Public confidence has been re-established in their integrity and 
resources. All industries are developing. Real estate is rising in 
value. Wages are at almost their highest mark. Of all this the 
diminution in the ratio of lapses in life-insurance is a significant 
exposition. 

But even this admitted percentage is not net. For it is the 
common experience of all companies that a large number of lapsed 
policies are revived and restored, sometimes after years have inter* 
vened. And even the resulting number, after deducting such, 
should be lessened by the subtraction of those for which some 
pecuniary consideration has been paid after the lapse. Indeed, it 
is the fault of his own carelessness if any policyholder sufi*er his 
premium-day to pass without securing, in either paid-up insurance 
or a cash surrender value, some equivalent for his policy. This 
I'educes once more the ratio of absolute loss to the assured. Infant 
policies are more liable to lapse than those that have gained a 
stalwart life. The duration in the one case is the parallel of that 
in the other. More than half the terminations take place during 
the first or second years of the policy, as it is the nursery which is 
most often invaded by death. Indeed, a man cannot fairly be 
said to have started on his insurance career, as far as his obligations 
are concerned, until he has proved his good faith by paying his 
second premium. An allowance should be made for this factor 
when calculating the average duration of all policies issued. The 
net number of policies terminated in 1879 was 60,503. The net 
number of policies lapsed, after deducting restorations, was 18,679. 

The case is made much stronger if the amount in risk be the 
basis of ratio. For manifest reasons, the business of 1878-80 
must form the elements of this computation. The amount lapsed, 
after deducting old policies revived, number of those entered as 
new risks, purchases, and extensions, is £10,014,897. 

But the amount in force 31 December 1877 was . £311,221,065 
Issued during 1878 .... £31,800,226 
hew amount not taken . . 8,919,513 



27,380,713 



Whole amount at risk .... £338,601,778 



y 
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A compari9on of this total amount at risk and tbe amount 
lapsed, will show that the latter is less than three per-cent (2*96) 
of the former. The magnitude of the business, and the small 
number of policies that lapse, are elements of consideration which 
emphasize the persistency of policyholders, and their general con- 
tentment. 

Expenses of Administration. 

The question of expense is relative. It is emphatically to the 

policyholder's interest that such vigor and skill in the manage- 

ment shall be employed as to produce a profitable result. Such a 

policy is oftentimes expensive at the outset. A reduction of 

expenses is frequently the precursor of depletion. The vital 

question is, what the policyholder is to get in strength and profit 

for his money. Unless the percentage of cost be so great as to 

endanger the company's ability to meet its part of the contract 

made with him, he has naturally no desire to intrude either his 

curiosity or his counsel, provided he is satisfied that the company 

is skilfully conducted. Details he is willing to leave to the 

wisdom of managers, who, by the suffrages of policyholders, have 

assumed full responsibility. Should he sometimes think that 

certain salaries are too high, he recalls the fact that in many other 

cases small salaries have not saved a company from insolvency. 

The skill and care required for the management of life-insurance 

companies, the judicious investment of their accumulated funds, 

the watchful oversight over contracts covering protracted periods 

of time — all these, and a multitude of minor matters, call for talent 

of the very highest order. A man's labor is worth all that he 

can get for it. Large responsibilities imply large compensations. 

The men are few in any community who can judiciously manage 

millions. Whether the fortune be public or private, they are 

entitled to a fair income for personal needs. In managing his 

own, a man has more license for expenditure than in a trusteeship. 

But the doctrine of proportion holds good, after all, as a law. A 

man who is a fair seaman, or a superior skipper, may safely sail 

his ship over the Atlantic while summer seas and skies outline his 

course. But the gales and hurricanes of winter can only be 

outridden by a staunch vessel, the skill and courage of whose 

commander are commensurate. Periods of peace in life-insurance 

may be and have been followed by crises most momentous. It is 

the reserve force of the man at the head of its affairs, which alone can 

control the elements in such an emergency. His services for one 

such year of financial stress, may be worth to the assured the gross 

amount of his salary during his entire connection with the company. 
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A life-insurance company is an organization whicli^ in its sub- 
division of responsibility and office^ has no parallel but that of the 
government of a State. It employs a large corps of agents, scattered 
over a widely extended territory; skilful medical examiners to 
discriminate between good and bad risks, lest the mortality rate 
be ruinously increased; cashiers, book-keepers, and clerks, to 
receive and account for the premiums paid ; scientific actuaries to 
guard against insufficiency of reserve, and to determine the pro- 
portion of surplus that may safely be returned ; real estate experts 
to watch over its loans ; a claim bureau to adjust without litiga- 
tion the rightful demands made upon it ; lawyers of wise counsel, 
to examine the titles of property on which loans are made and 
otherwise to represent the interests of its policyholders ; and men 
of executive ability in its chief offices, capable of guiding and con- 
serving these manifold departments. How vast is the force 
needful for its continued success ! The total amount paid by all 
the thirty-one companies reporting to New York in 1879, for the 
salaries, commissions, advertising, and all other expenditui'es of 
the business, including dividends to stockholders, was £2,178,639, 
while the total amount of money managed was over iS80,000,000. 
What a difference to the policyholders whether this vast sum was 
skilfully or unskilfully guarded ! 

Was this too much? Take for ratio the three largest New 
York companies, in which the princely salaries are paid. It will 
be found that the salaries, medical fees, and wages of other 
employees, were less than three per-cent of income. The total 
expenses of these companies in reference to income, were 12*74 per- 
cent ; while those of all our active companies, young and old, great 
and small, during the same time and for the same purposes, have 
been only 14*3 per-cent of income. Let the ratio be either less 
than 13 or a little more than 14 per-cent, will any practical 
business man say that this is excessive ? Is either amount *' an 
undue share of accruing profits ^^ ? These institutions compare 
more than favorably, as to economy, with any other organizations 
actively seeking outside patronage. It is almost impossible to 
collate the reports of the banks to the Comptroller of the Currency, 
so as to discover their ratio of expenses to income. A prominent 
officer in one of our largest corporations gives me as a guess 40 
per-cent. But the Insurance Report for 1879 gives us the 
statistics of companies dealing in other than life-insurance. The 
comparison in the following table is between fire and marine on the 
one hand and life-insurance companies on the other, as to assets and 
expenditures, and the percentage of the latter to the former : — 
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1 

I 

t 

* 


Assets. 


Expenditure. 


Pcr-cent 


Fire and marine insurance companies of 

N.Y. State 

Life-inraranoe companies of N. Y. State 


£ 

10,822,405 
40^12»566 


£ 

1,572,517 
1450,226 


14-53 
2-84 



In both cases^ the expenses inclade commissions and every 
charge except losses under policies and dividends. If the expenses 
of life-insurance companies bore the same ratio to assets as those 
of fire, &c.^ companies, the i£l,l 50,226 cost of administration 
would be raised to £5,894,574. Lest some one should take 
exception to this ratio of assets, I add another table, showing the 
ratio of expenses to income : — 





Income. 


Expenditure. 


Per-cent. 


Fire and marine ..... 
Life-insurance companies of N. T. State 


£ 

4,216355 
8,232,482 


£ 
1,572.517 
1,150,226 


37*29 
13-97 



The percentage of expense in relation to income in fire and 
marine insurance is nearly three times that of the life companies of 
this State.* Included in these amounts are the taxes throughout 
all the various States. 

To the above statement I add that 188 insurance companies 
(other than life) in the State of New York, received during 1879, 
for premiums, £12,134,147; for interest, £1,583,985; making 
the gross income £13,718,132. Their expenses of management 
in the same year were £4,092,495. The ratio of expense to gross 
income was therefore 29*83 per-cent. Whilst this is the average 
presented, it is true that in many cases the expenses of fire 
companies range between 50 and 60 per-cent. Let the critics 
contrast these numei-als with 14*3 per-cent, being the average 
per-cent of expenses to income of all life-insurance companies. 

But the answer made to all this is that life-insurance agents 
are overpaid. They are made the scapegoats. What are the 
facts ? The commissions of life-insurance agents in all companies, 
were in 1879, £676,617.t The whole amount of cash premium 
receipts was £10,104,497. This is collected in average small 

* The mortality among insurance companies other than life has hcen over- 
looked in the attempt to sow distrust in the minds of life-insurance policyholders. 
The New York Daily Bulletin^ in June 1880, published the names of 300 fire- 
insnrance companies, representing assets aggregating £17)400,000, whose active 
life ended by failure or voluntary retirement during the period from 1 January 
1870 to 81 December 1879 — only ten years. 

t New York Insurance Report, 1880, p. xxi. 
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amounts by agents from their patrons all over the United States, 
The average commission was therefore 6^ per-cent. Is this an 
outrageous charge for the business of pursuading men to provide 
for themselves and those dependent upon them^ and the other 
duties that pertain to this office f The agent who effects insurance 
on your clothes receives 15 per-cent year after year, and the 
average commission upon the assurance of your life is 6^ per-cent. 
The wonder is that the payment of commissions can, by life 
companies, be so graded as to retain in their employ men of 
high capacity and character, and at the same time hold the average 
ratio so low. 

But the final fact to be recognized in this connection, is that 
the administration of existing life companies has not cost their 
policyholder a single dollar. Not only have the 36 companies, 
whose aggregate premiums and payments have been tabulated, 
met all maturing claims, accumulated an adequate reserve, returned 
as dividends the excess of premiums paid, purchased many cancelled 
policies, and paid all expenses; but they have, over and above 
all this, saved as surplus more than £15,200,000, which they 
held on 1 January 1880, in trust for policyholders. Their interest 
account shows this net excess after meeting all the cost of the 
business. By the use of money from which we might have 
derived no income, had we retained it, these companies have not 
only accumulated a secure reserve for the payment of our policies 
when they fall due, but have covered every conceivable item of 
administrative expenditure. Let the fault-finder name any other 
business making even approximately as good a return for the 
investment of j6200,000,000, being the amount of the premiums 
received since organization by all companies reporting to the 
State of New York. 

Protective Legislation. 

The appeal in ancient times, whenever supposed difficulties were 
encountered, was to Hercules. And State or national legislation 
is now, and among life-insurance critics, substituted for the god 
of force. The panacea of all the ills to which the life-insurance 
system is heir, must be sought at Albany or Washington — so they 
in substance say. Three things within the scope of the law-making 
power, would have satisfied all policyholders. But many others 
have been added, which work to their detriment. These three 
things are : — 

1. The fullest publicity in all the affairs of this system. This 
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lias been gained by the compulsory deposit of sworn annual 
statements^ which are open for comparison^ and form the legal 
evidence for complaint. 

2* The authoritative examination of the assets of each company^ 
that the certificate of the State may endorse the assertion of the 
filed reports. This has been most needful in the past, and is a 
shield for the future. 

3. The retention^ within the reach of the courts of the State 
where the company is organized^ of sufficient securities to meet 
the judgments which from time to time may be levied by the 
courts against the company on resisted policies. 

Every good measure which has been enforced by State authority 
was first suggested by the energy of some ambitious company. It 
was only hastening a natural progress to make it by law a com- 
pulsory part of the system. The vagaries of the Legislatures of 
Massachusetts and other States^ in taxing premiums of companies 
from outside their limits and retaliating for disadvantages which 
their own companies suffer elsewhere^ are bringing this whole 
system of a paternal government into contempt. Before that class 
of objectors who seek a national bureau can succeed in their 
wishes, the people must consent to a constitutional amendment 
for the purpose. The fathers reserved all such rights. Their 
children will some day learn that these rights are safer when 
left to the defence of fundamental laws of political economy 
than to the shifting will of political parties. In view of all this 
discussion, and for its "improvement", as the old divines used to 
say, I add — 

Some Friendly Suggestions to Policyholders. 

1. Looi before you leap. Choose for your investment a 
life-insurance company that is vigorously and honestly conducted 
in all its departments, and in which the relation of surplus to 
liabilities justifies the expectation of stability and security. 

2. Do not overleap. Take no more insurance than your 
desponding anticipations of income make it more than probable 
that you can maintain. 

8. Stick. When you have gained your footing, stand firm. 
For your family's sake, for your character's sake, for society's 
sake, for truth's sake, do not break the contract. Let your motto 
be, '' The Policy — it must and shall be preserved.'^ 
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The two preceding articles are of a more popular character than 
those which generally appear in this Journal; but they give so 
much information as to the history and present position of life 
insurance in the United States^ that they have a value altogether 
apart from the opinions expressed by the writers. In this country 
the criticisms upon life insurance do not range over so wide a fields 
and even those who write most strongly against what they consider 
the evils of the present system of life insurance^ admit frankly the 
beneficent character of the work which is being done by the life 
offices. Both in this country and in America^ the questions of fixed 
surrender values for all policies^ and the greatest possible protec- 
tion of policyholders from loss by the accidental lapsing of their 
policies^ appear to be growing in importance ; and it seems to us 
that they will have to be fairly faced by every life office that wishes 
to hold its ground in the future. 

As our readers may like to have the opportunity of comparing 
the figures relating to British life offices with those contained in 
the preceding articles^ we have extracted the following figures 
from White's Insurance Register for 1881 : — 

Amount of Insuranoes in force (including Bonus Additions), 

estimated at . . £420,000,000 

Total Funds 143,813,793 

Annual Premiums 13,174,848 

Claims pud in the year 11,149,730 

Surrenders « „ 720,406 

Commission 1,030,446 

Otlier Expenses . 1,321,228 

It is not possible to give any trustworthy estimate of the 
number of lives assured^ or of the number of policies lapsed. The 
following table shows the progress of the business during the ten 
years that have elapsed since the Life Assurance Companies Act 
came into operation : — 



Tear. 


No. of 
Companies 
reporting. 


Total Income. 


Total Outgo. 


Exoesti of Income 
over Outgo. 


1871 


110 


£14,456,261 


£11,815,363 


£2,640,898 


1872 


118 


15,001,631 


11,791,580 


8,210,051 


1873 


120 


15,535,581 


12,125,292 


3,410,289 


1874 


120 


16,819,053 


12.410,036 


3,409,017 


1875 


114 


16,604,649 


12,888,188 


8,716,461 


1876 


108 


16,978,116 


13,600,491 


3,377,624 


1877 


109 


17,610,656 


13,756,862 


3,853,793 


1878 


107 


18,048,355 


14,184,486 


3,863,869 


1879 


108 


18,961,018 


14,830,359 


4,130,659 


1880 


107 


19,354,064 


16,064,460 


3,289,694 
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[Delivered 28 November 1881.] 

xN opening the proceedings of the session a year ago^ it 
occurred to me that it might be useful to place on record a short 
narrative of the circumstances under which the Institute of 
Actuaries came into existence^ and of the efforts of its founders 
to have the profession of actuary recognized. On this occasion^ 
before proceeding to the main business of the evenings I propose 
for a few moments to ask you to consider what that profession is^ 
and what are its position and prospects at the present day. What 
is an actuary ? This is a question sometimes asked^ and to which 
it is not easy to supply a ready answer. If we refer to dictionaries^ 
we find Johnson's definition to be^ ''the registrar who compiles 
the minutes of the proceedings of a court; a term of the civil 
law". The following example is given from Ayliffe: ''Suppose 
" the judge should say that he would have the keeping of the acts 
" of court remain with him^ and the notary will have the custody 
" of them with himself^ certainly^ in this case the actuary or 
" writer of them ought to be preferred.'' Webster gives two 
meanings — (1) A registrar or clerk — a term of the civil law, and 
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used originally in courts of civil jurisdiction^ but in Europe used 
for a clerk or registrar generally. (2) The manager of a joint- 
stock company^ particularly of an insurance company ; in America^ 
chiefly applied to the manager of a life insurance company. 
Andrews's Latin Dictionary gives, for the meaning of the word 
actuarius — (1) A shorthand writer, with a reference to a passage in 
Seneca ; and (2) one who writes out the accounts of his master. 
Hence it seems clear enough that the original conception of 
an actuary was that of an officer of a court of law, and that, 
therefore, the gentlemen who occupy the posts of Chancery 
registrars might, with strict propriety, although probably to their 
own surprise, be termed actuaries. An officer with this designation 
has always been and still is attached to the Lower House of 
Convocation of the Church of England; and it is worthy of 
notice that the chief officer of the first life assurance society 
established in this country, the now extinct Amicable, was called 
registrar. In the two oldest now existing, the Royal Exchange 
and London Assurance Corporations, there was no officer with the 
designation of actuary until comparatively modem times. The 
first mention of such an officer in connection with a life office is 
to be found in the deed of settlement of the Equitable Society^ 
which bears date 7 September 1762. The duties of the actuary 
are there set out in some detail, and it may not be without interest 
to learn what the prevailing idea of those duties then was. By 
clause 32 the actuary was to be chosen in a general meeting out 
of the members assured for not less than £300 ; it will be observed 
that he was not appointed by the directors. He was to give 
constant attendance at the office in order to receive proposals, and 
to '^ execute such other business as shall appertain to the said 
office'\ What this other business was is made clear in the follow- 
ing clauses, which set out that the actuary '^ shall, in a fair and 
" clerk-like hand, method, and manner, write and keep all such 
" books as the future occasions of the said society shall require ''; 
and, among several other duties mentioned, that he shall make 
regular entries each day of sums of money received and paid, and 
that he shall '' make and enter up the minutes of the proceedings 
'' and orders of the court of directors, and of the general courts 
" or meetings of the society'\ Clauses 41 and 42 provide that 
William Mosdell should be the first actuary, and that ''in the 
" name of his said office of actuary " he should receive a yearly 
salary of one hundred pounds, payable quarterly. In the duties 
defined, not a word is to be found of what would now be considered 
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the special work of the actuary ; but the 43rd clause is curious^ — 
''And because it is imagined that the said William Mosdell will^ 
" ezclosively of his said office of actuary, be otherwise serviceable 
to the said society, the said William Mosdell shall receive of 
and from the said society after that the said society shall consist 
" of 300 members, the further yearly salary of one hundred 
" pounds/^ Now, as in the account of the Equitable Society in 
the sixth edition of Dr. Price^s work, published in 1803, it is 
stated that the subject of the rules by which the values of 
assurances may be computed, had been nearly exhausted by 
Mr. Morgan, the actuary of the society, I think it may be inferred 
that this computation of the values of assurances was one of the 
"services wholly distinct from the office of actuary^', for which 
the second hundred pounds was added to the yearly salary. 

Thus it seems to have come to pass that the keeper of the 
registers of the risks incurred came to be employed to determine 
the proper rates of premium for those risks ; the registrar had to 
be a scientific computer, and became the actuary in the modem 
sense of the word. In process of time the services of these skilled 
registrars were found useful in the many complicated pecuniary 
interests which the artificial conditions of modeiii society have 
created, and in the working of funds established for the benefit of 
different classes of the community. And because, again to quote 
Dr. Price, '' melancholy experience shows that none but mathe- 
'' maticians are qualified for performing and conducting schemes 
'^ of this kind '', professors of mathematics have occasionally 
been tried as actuaries. I hope that no one will for a moment 
suspect me of disparaging studies, of the value of which I am 
profoundly convinced, and which in my youth had for me a great 
fascination, when I say that the attempt to incorporate the 
professor of mathematics with the business man has not generally 
succeeded. 

An actuary should be a man of general culture, with a know- 
ledge both of books and men, and the more he has of both the 
better. He comes in contact with various classes of the community, 
and will be of little use unless he can understand and sympathize 
with the different objects for which he is consulted, and can adapt 
himself to the different habits of thought of his clients. He is 
not unlikely to find that the hard-headed mechanic will insist on 
understanding the principles on which his benefit society is con- 
ducted, while the ordinary man of business will care much for 
results^ but take little or no interest in processes. Again, the 
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work of the actuary brings him into constant intercourse with the 
members of the legal and medical professions. Without some 
smattering of law he will be stranded altogether ; and^ although 
this knowledge may be slight, it is very desirable that it should be 
sound and accurate as far as it goes. The intercourse of the 
actuary with the physician is of a character to call for a passing 
remark. The latter studies the individual case, the former deals 
with averages; the physician, therefore, is disposed to attach to 
what in life assurance is called the effect of selection, an importance 
which the actuary, from his different studies, should know is not 
warranted by reason or experience. Cuique in arte sud creden- 
dum est. 

An actuary then must be a mathematician, but a mere mathe- 
matician will be a very incompetent actuary. A simple illustration 
will suffice. A common case submitted to an actuary is to state 
the value of a reversion expectant on the failure of a single life. 
The answer seems easy enough. Refer to a table; there are 
several such. Or, at all events, the student learns that the formula 
applicable to the case is Aa.= (1 — f fl^.) -f (1 + «) . The mathematical 
part is soon disposed of ; but the question then arises, what is to be 
the rate of interest ? This can be answ^ered only by watching the 
market, and the actuary who thinks this beneath his dignity is 
unfit for his work. It will be found, I think, that no general 
answer to this question can be given ; that the tendency is for the 
rate of interest to increase as the age of the life tenant is less ; and 
that if he be young, say under thirty years of age, the reversion 
has no saleable value, the formula notwithstanding. Again, funds 
in reversion are invested in various ways ; another question there- 
fore is, what will be the value of these investments when the rever- 
sions fall in ? This is by no means an easy question to answer ; 
mistakes in these estimates are not uncommon. I lately heard of 
a case where property, the reversion to which was offered for sale, 
which had been steadily increasing in value for more than forty 
years, and which showed no signs of decay, was valued at 60 per- 
cent of the market price. Nor is this all. Law expenses are 
incurred in all these transactidns. Directly or indirectly these 
must be paid by the vendor ; they press heavily in small cases, but 
as the amounts increase, the expenses do not increase in the same 
ratio. Thus it comes to pass that although ten times two are twenty, 
a reversion to £2,000 is more than ten times as valuable as one to 
£200. If such questions as these arise in so simple a matter as 
the value of a common reversion, how many others come to the 
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surface in the more complicated enquiries that engage the attention 
of the actuary ? 

I have spoken of the registrar becoming the scientific computer^ 
bat the definition of an actuary which I prefer is the scientific 
financier. And it seems to me that the most fittings nay^ almost 
the only place for the training of such a financier is the office of a 
life assurance society. So that when^ as not unfrequently happens 
nowadays^ a man announces his intention of bringing up his son 
(who is of course an intellectual prodigy) to be an actuary^ and 
asks what course he is to pursue, the proper answer, which is not 
always agreeable to the parental mind, seems to be— endeavor to 
get him an appointment as a junior clerk ; if you succeed in this, 
tell your son that he must go through the routine of office work ; 
that he should devote his leisure time to acquiring a knowledge of 
the principles of his profession ; that in this, as in most occupations, 
the blanks are many, the prizes (such as they are) are few ; that 
there is much uphill work, but that for steady perseverance and 
industry even in this world there is some kind of reward. Men 
have occasionally attempted to practise as pure actuaries, and have 
put a brass plate on a door ; but whether they have ever taken 
sufficient fees to pay the rent of their offices is doubtful. Actuarial 
work seems to be on the increase ; but, wisely or unwisely, the 
public refuse to employ any but those who have a recognized 
position with a public company. This being the case, it is much 
to be regretted that the tendency of the present day seems to be, 
in this country at least, in the direction of diminishing the number 
of life assurance companies. This tendency is to be regretted, I 
think, in the interests of the public, as the evidence seems to me to 
be clear that, speaking generally, life assurance is more costly in 
the companies doing a very large business than in those of more 
moderate pretensions. And it is to be regretted in the interests of 
the profession, because it is unfavourable to the prospects of the 
younger men. A branch managership of a leviathan company is 
not a good school for an actuary ; but in former times an excellent 
training was to be found in a chief appointment to a small society 
at a modest salary. 

It is, however, vain to quarrel with the inevitable. The 
Institute cannot improve the prospects of its yoimger members ; 
but it can, and I think it has done, much, to help them to acquire a 
knowledge of the principles of their profession, and, notwithstanding 
some disappointments, it hopes — not immediately, but still at no 
distant period — to be able to publish a text-book for their use. In 
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other ways, too, the Institute may, and I believe will, help to 
promote the general interests of the profession. It may fairly 
claim to speak with authority on several subjects that engage the 
attention of Parliament ; and I should not be sorry to see it occa- 
sionally endeavoring to initiate legislation on some matters in 
which we are interested. However this may be, I have reason to 
know that the disfavor with which it was formerly regarded in 
some quarters has passed away, that the services it has rendered 
are more than ever appreciated, and that its usefulness is recognized, 
not merely at home, but on the Continent, in our Colonies, and in 
the great Republic. It has been the pioneer of other societies 
having similar objects, the youngest of which — ^the Insurance and 
Actuarial Society of Glasgow — held its opening meeting only a few 
days ago. Many of you have read with no little interest the 
thoughtful address delivered on that occasion by its president, 
Mr. John Graham, who I hoped would have been with us this 
evening, but who has been prevented from coming here by a 
pressing engagement. The Glasgow society is, however, well 
represented on this occasion by our friend and Fellow, Mr. Marr, 
whose address a year ago to the Actuarial Society of Edinburgh is 
still fresh in our memory. 
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On the Transformation of Annuities and Annuity- Values payable 
Yearly, into the like when payable in Fractional Intervals 
of a Year, by means of Constant Factors; with Specimens 
of Tables computed for this purpose, and Examples of their 
application. By D. J. McG. McKenzie, A.I.A. 

[Read before the Institute 28 Nor. 1881.] 

T is not to be expected, at this period of time, that anything 
new remains to be discovered in the Doctrine of Annuities, 
especially by one not conversant with analysis; yet a useful 
application may occasionally be found of the results of former 
investigations, the more so should such have remained in com- 
parative neglect. 

The announcement of the relation which subsists between an 
annuity payable yearly, and when it is payable half-yearly, 
quai'terly, monthly, &c., the rate of interest continuing the same, 
is due to the illustrious De Moivre, and was made by him in the 
second edition of his treatise of Annuities on Lives, published in 
1743. It was reproduced in the subsequent editions of the same 
work, and is to be found, with some errors of the press corrected. 
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in that appended to the third edition of his Doctrine of Chances, 
1756. 

Although I have not strictly followed De Moivre, having 
eomputed my Seu^tors before I found they were described in his 
work^ I here transcribe his rules with the demonstration of them^ 
remarking that^ the notation he employs being at variance with 
that to which we are now accustomed^* and likely^ therefore^ to 
cause embarrassment to the student, I have substituted the 
modem notation throughout. 

At p. 297 of the Doctrine of Chances, De Moivre writes thus: — 
" The values of annuities for Uves having been calculated in this 
book upon a supposition that the payments are made yearly, 
and there being some occasions wherein it is stipulated that the 
" payments should be made half-yearly. I have thought fit to 
" add the two following problems, whereby, 1st. It is shown what 
*' the half-yearly payments ought to be if the price of the purchase 
" is preserved. 2nd. How the price of the purchase ought to 
" be increased, if the half-yearly payments are required to be the 
" half of the yearly payments. 

^'Pkoblem XXXII. 

'^ An annuity being given, to find what half-yearly payments 

" will be equivalent to it, when interest of money is 4, 6, or 6 

" per-cent. 

'' Solution. 

'' Take half of the annuity, and from that half subtract its 

" 100th, or 80th, or 68th part, according as the interest is 4, 5, 

" or 6 per-cent, and the remainders will be the half-yearly payments 

" required. Thus, if the annuity was £100, the half-yearly pay- 

" ments would be respectively £49. 10^., £49. 7s. 6d., £49. 5s. 9d. 

" nearly. 

'' Problem XXXIII. 

" The present value of an annuity being given, to find how 
" much this present value ought to be increased when it is required 
'' that the payments shall be half-yearly, and also one-half of the 
" yearly payments, when interest is at 4, 5, or 6 per-cent. 

" Solution. 

*' To the present value of the annuity add respectively its 
" 99th, 79th, or 67th, and the sums will be the values increased. 

* NoTS. — He uies r, calling it the rate of interest, for that which we now 
denote by (1 + i). It ia not to Se denied, however, that in this particular instance 
the erpressioiis deduced are much more compact in De Moivre's notation than in 
that here employed. 
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" As there are some persons who may be desirous to see a 
^^ general solution of the two last problems^ I have thought fit 
^^ to add what follows. 

" In the first of the two last problems, let A be the yearly 
payments agreed on, and B the half-yearly payments required, 
(1+i) the yearly rate of interest ; then B±=A{(H-i)*— 1} :i. In 
^^ the second, let M be the present value of the yearly payments, 
" P the present value of those that are to be half-yearly, then 

Turning now to page 320, we find — 

" Chapter VII. 

'^ Containing the demonstration of what has been asserted 
'^ in the 32nd and 33rd problems concerning half-yearly pay- 

'' ments ; 

'' It is well known that if an annuity A is to continue n years, the 
present value of it is A{1 — (l + t)"*} : t ; supposing {l + i) to 
represent the rate of interest. Now, to make a proper applica- 
tion of this theorem to half-yearly payments, I look upon n as 
^^ representing indififerently the number of payments and the 
'^ number of years. Let us now suppose a half-yearly rent B, of 
'^ the same present value as the former, and to continue as long ; 
^' then the number of payments in this case will be 2n, but the 
rate of interest, instead of being (1 + t), is now (l-ft)*, which 
being raised to the power 2n will be (l-|-t)** as before; for 
" which reason the present value of the half-yearly payments is 

" B • .- ..^ ' . But, by hypothesis, the present values of 

'^ the yearly and half-yearly payments are the same ; therefore 

" A • ^— ; — - — =B • ,,...,, : and dividing both sides of 

t (1-fi)*— 1 ° 

A B 

the equation by 1 — (l + t)""*, we shall have - = tj — =vF3i ^ 

from whence will be deduced B= A{ (1 + 0*"" 1} • * • -^^^ ^° ^^ 
'^ same manner, if the payments were to be made quarterly, then 

B would be =A{(l + t)* — 1} : t, and so on. 

But if we suppose that a rent shall be paid half-yearly, and 
*' that it shall be also one-half of what would be given for an 
'^ annual rent, and that the two rents shall be of the same duration, 
'^ then the present values of the yearly and half-yearly rents will 
** be different. For let M and P be the present values of the 
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"yeariy and half-yearly rents^ then M=A{1 — (1-ft)""*} : t, and 

1 — (l+»)~* 
"P=iA • - _^ ^^ ' . ; and dividing both values by 

" A{1 — (1 +i)~*} we shall have M : P : : - : .. . \. — ^ , and con- 

I (l-f«)*— 1 

" seqnently P = M x ,, )^^ , ," 

Factors derived from the second formula of De Moivre were 
published by Dodaon in 1747, and by F&ior Thoman in 1859. 
Those which I have computed, and which are here submitted to the 
eonsideration of the Institute, differ from De Moivre's in that they 
»e not divided by the number of intervals taken as contained in the 
year (being in fact the reciprocals of the values derived from his 
first formula)^ so that they serve to transform annuity-values of 
unity per annum into annuity-values of unity per interval, while I 
have at the same time given the corresponding rates of interest for 
each interval at which the transformations are effected, such rates 
being the exact equivalents of the true yearly rates. 

The benefit of this arrangement is that the ordinary tables of 
yearly annuity-values are rendered capable of increased power to 
the extent of the limits of the factors computed for them. 

If it be objected that the rates of interest corresponding to these 
transformed annuity-values are not such as are usual in practice, 
it is replied that the object I had chiefly in view when computing 
the factors being to obtain an easy means of valuing correctly loans 
repayable by constant annuities, the actual rate of interest involved 
in any terminable annuity is quickly and easily found by means of 
them, and is generally obtained correct to seven places by one 
simple interpolation. 

It is scarcely necessary to mention that any less number of 
places may be used, which will effect the particular purpose desired, 
and for convenience I have pointed off the last two places. 

According to the method of De Moivre the amount of £\ is the 
same whether the interest is assumed as paid once or several times 
during the year. If we wish to compute annuity-values on this 
basia^ we must first ascertain the interest for each interval, by which 
to divide the interest or discount of £\ for the time, according as 
amounts or present values of annuities are wanted; and if we 
divide the interest for one year by the interest for one interval, we 
obtain a factor whereby we may multiply yearly annuity-values to 
change them into annuity-values for the intervals whose factors 
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have been computed, altogether irrespective of the duration of the 

annuity. 

In computing the factors logarithms are indispensable, which 

must be to ten places, if we are to have seven true in the factors. 

I give an example of finding the monthly factor corresponding to 

5 per-cent yearly. 

JEaample. 

Log (1-05)^ =0-00176,57749, (1-05)* = 1-00407,41286 

Log i=Log •05 = 2-69897,00043 
Log [(1 + 0^ — 1]= 3-61003,42004 

Log constant =i-08893,58»039, the number to which is 12*27258, 
and which is the constant factor required. 

The logarithmic factors were found in the above manner for 
every quarter per-cent of yearly interest from 2^ to 12^, and those 
for the intermediate eighths were found by interpolation with 
second difierences. The whole were then combined, differenced, 
and cut down to seven places, the regular progression of the 
differences being regarded as indicating the correctness of the 
work. The intervals for which factors have been computed are 
half-years, quarters, calendar months, fortnights, weeks, and mo- 
ments, the latter being in De Moivre's form. 

Table A (p. 167) is a specimen of the table of factors as it was 
originally constructed. An abstract of the table, containing the 
portions which are most likely to be of practical use, is given in 
the appendix. Tables I and II (pp. 183, 184). 

Having computed and tabulated the factors with their accom- 
panying values, the next desideratum was to compute a series of 
the logarithms of yearly annuity-values to combine with them. As 
far as regards natural numbers, the tables of Lieut.- Col. Oakes, 
Ranee, Corbaux, and Smart, with those of Mr. Tumbull, appear 
to leave little to be desired. For facility of combination with the 
logarithmic factors, and to avoid troublesome multiplications and 
divisions, logarithmic tables of annuity-values are very convenient. 
The only tables of this kind accessible are those of M . Thoman, but 
the rates in his work above 6 per-cent are much too far apart to be 
of service. I had previously found they contained errors, so that I 
could not depend upon them without verification for those rates, 
corresponding to the factors, which they contained. The exami- 
jiation of the logs, of the annuity which £1 will purchase for 
the 38 rates in Thoman which run parallel with mine, resulted in 
the discovery of nineteen errors in the English editions^ eight of 
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Tablk a. 



it. 

H 


1 Constants 
Lo^{l + i)ii andWf- 

ferencM. 

1 


1 


Log conatants 

uid 

Differences. 


Rates and 
Perpetoities. 


Log{(l + .)i-l} 
CologB. of do. 


Fob Wkkklt Talueb. (i»*52) 


3 


01)0024^68697 


52-76116 
^156 


•000 


1-72231,43 
25,97 


-0005686001 
1758-705 


6-75480,69 
3-24519,31 


Fob MoiTTHLT Yaluks. (i»«12) 


3 0-00106,97687 


1216412 
680 


t 

•000 ; 1-08508,07 
24,27 

1 


•002466270 
405-4707 


7-39204,06 
2-60795,94 


Fob Quabtkrly Valuxb. (»«4) 


3 

7 
•7i 
7i 
71 

7i 

1 
I 


0^)0320,93062 

0<X>734,59444 
0-00747,27087 
0^)0759,93252 
OHX)772,57942 
Oi)0785.21161 


4044723 
1851 


-000 

-000 
-125 
•250 
-375 
•500 


0-60688,88 
19,87 


•007417072 
134-8241 

•01705852 

58-62172 
■01735543 

57-61885 
•01765208 

5665054 
•01794847 

55-71506 
•01824460 

54-81073 


7-87023,25 
2-12976,75 

8-23194,15 
1-76805,85 
8-23943,54 
1-76056,46 
8-24679,59 
1-75320.41 
8-25402,74 
1-74597,26 
8-26113,44 
1-73886,56 


4-103521 

1822 
4105343 

1821 
4-107164 

1822 
4-108986 

1820 
4-110806 

1818 


0-61315,66 

19,28 
0-61334,94 

19,27 
0-61354,21 

19,25 
0-61373.46 

19,23 
0-61392,69 

19,21 



which appear also in the French impressions appended to hoth 
editions of Uippolyte Charlon's Thiorie MatMmatique des Opera- 
tions FinanciereSy which impressions contain an error not in the 
English ones. I subjoin a list of these errors. 





i 


Rate. 


Value. 


Time. 


Error. 


Correction. 


1 


3t] 


)er-ceiit 


loga 


86 yean 


8-^6896-42 


8-66896-42 


2 


4i 


M 


M 


12 


M 


9-033/3^97 


9-03383-97 H. C. 


8 


41 


n 


99 


27 


91 


8-81f9311 


8-81693-11— H. C. 


4 


4i 


99 


99 


6 


»» 


9-2927r-W 


9-29276 69— H. C. 


5 


f> 


»> 


M 


24 


» 


8-/5486-59 


8-85486-59 


6 


5i 


M 


f» 


3 


» 


9-567#5-73 


9-56795-73 


7 


n 


99 


19 


8 


)» 


9196jzf^89 


9-19610-89— H. C. 


8 


t> 


99 


log** 


20 


99 


0-45/75-18 


0-45475-18 


9 


5i 


99 


loga 


49 


» 


8-7730/-^ 


8-7730716 


10 


5* 


99 


»> 


5 


» 


9-37;z<0304 


9-37103-04 


11 


51 


W 


*> 


6 


99 


9-304^23 

8-^|fr73-74 


9-30485-23- H. C. 


12 


7i 


»> 


99 


39 


W 


8-90178-74 


13 


8 


99 


>» 


39 


»» 


8-^2523-54 


8-92523-54 


14 


9 


99 


logr» 


5 


M 


0-187/3-25 


018713-25 


15 


>* 


»> 


loga 


26 


M 


9003X9-57 


9-00309-57— H. C. 


16 


10 


yj 


i> 


32 


99 


9-02jz^07-23 


902107-23— H. C. 


17 


» 


» 


99 


40 


» 


9-009^^-32 


900970-32 


18 


12 


M 


f» 


88 


W 


9-08962-/^6 


908962-36— H. C. 


19 


H 


M 


l> 


8 


f> 


9-//896*88 


9'56896'88 
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Error No. 19 was found only in the impression appended to the 
seventeenth edition of Inwood^s tables. 

EiTors Nos. 2, 3, 4, 7, 11, 15, 16 and 18 are common to the 
French and English impressions, while the French contains an 
additional error, namely : 

Rate. Value. Time. Error. Correction. 

6tper-cent log a 15 years ^-yOigT'lO 900197-10 

I have only examined Thoman^s tables for the above rates, and 
up to 51 years. These errors have been communicated to the 
publishers, and will be corrected in future editions, and it is to be 
hoped the remainder of the tables will undergo revision also. 

The logarithms of the present values of an annuity of £1 for 
the remaining 43 rates tabulated were computed by the method 
given by Mr. Peter Gray, in his Tables and Formula, problem X, 
page 30, using for this purpose an excellent table of seven-place 
Gaussian logarithms by Wittstein, Hanover, 1866. The method 
of Mr. Gray — for the application of which to the computation of 
annuity- values he was the first to adapt and recompute the 
tables of Gauss — is very convenient, since it admits of verification 
at as many points as may be thought requisite ; and because each 
value is derived from that preceding, we have the assurance that 
if the last computed value is correct, all the others are correct also, 
a computation in duplicate being unnecessary.* 

When six places are sufficient, nothing can exceed the facility 
in use of Mr. Gray's own table of log (1 -\-x), the arrangement of 
the proportional parts being especially convenient. For seven 
places, the table I have used is the best. I may here mention that 
in computing isolated values of annuities, tables of Gaussian log- 
arithms of Mr. Gray's form are very useful, half the usual labour 
being saved by them, as may be seen in the following examples. 

Required the amountf and present value of an annuity of £1 
for 25 years at 5 per-cent. 

Log (1 + «) = 002118,92991 x 26 Log ( l-f i) «* = 0-52973,186 

Log (1 + 1)*^ = 0-52973,25 Log (1 -I- 1) -25 -. 9-47026,75 

,„ .N« 1. Log{(l-fi)*«—l} =0-37773,60 

Log {(l+.)»-l}=0-3777350 Log «» =1-30103.00 
Log floo = Colog t = 1-30103 00 



Log ^251 = 1-67876,60 
*25= 47-7271 



log fl25j= 114903,25 
fl25l= 1409394 



• NoTB. — ^For further confirmation, every fifth value was computed by a 
direct process. 

t In the Institute scheme of notation, a symbol is not provided for the amount 
of an annuity. The symbol # i has been here adopted. 
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Log {(l + t)**— 1} is here fonned from log (l + t)" by the in- 
verse use of Wittstein's table. 

The logarithms of (1 + 0" were formed by addition with a card 
in the usual way. 

From one to fifty-one years was thought to be a sufficient extent 
to which to compute the required values^ this limit being chosen 
so as readily to obtain values for any number of weeks short of a 
year. I give a specimen. 

Table B. — Logarithms of the Amounts of £1 and of the Present 
Values of an Annuity of £\ at Yearly Rates, 



Tean. 

n 


7 PKR-CKMT. 


7i PBR-CBNT. 


74 PEB-CKHT. 


1 

Log(l + *)» Logafl 


Log(l+0'» 


Loga*! 


Log (1 + 0* 


Logfliil 


11 
12 
13 
14 
15 

16 
17 
18 
19 

20 

1 


0-32322,16 
0-35260,53 
0-38198,91 
0-41137,29 
0-44075,67 

0-47014,04 
0-49952,42 
0-52890,80 
0-55829,18 
0-58767-56 


0-87498,44 
0-89996,74 
0-92208,42 
0-94178,30 
0-95941,90 

0-97527,77 
0-98959,32 
1-00255,86 
1-01433,55 
1-02506,05 


0-32879,92 
0-35869,00 
0-38858,09 
0-41847,17 
0-44836,25 

0-47825,34 
0-50814,42 
0-53803,50 
0-56792,59 
0-59781,67 


0-87228,49 
0-89707,92 
0-91901,29 
0-93853,40 
0-95599,73 

0-97168,89 
0-98584,21 
0-99865,03 
1-01027,50 
1-02085,27 


0-33437,03 
0-36476,76 
0-39516,49 
0-42556,22 
0-45595,95 

0-48635,68 
0-51675,41 
0-54715,14 
0-57754,87 
0-60794,60 


0-86959,42 
0-89420,13 
0-91595,32 
0-93529,79 
0-95259,02 

0-96811,59 
0-98210,85 
0-99476,12 
1-00623,55 
1-01666,77 



From these two parallel columns the amount and present value 
of £\y the amount and present value of an annuity of £\, the 
annuity to repay £\ with interest^ and the sinking fund to ac- 
cumulate to £\, are at once obtained. 

In order to render the tables easily applicable to loans repay- 
able by instalments^ it was deemed desirable to form a table of the 
logarithms of the annuity which £\ will purchase for the most 
usual rates and periods ; so that it might readily be seen within a 
quarter per-cent of yearly interest what was the rate involved in 
any annuity payable at any of the intervals for which factors were 
computed. This was easy after the two tables already described 
were computed. By adding to the Cologs of a^ the Cologs of the 
factors for each interval, the required logarithms of the annuity 
which £\ will purchase were immediately obtained. 

This was done for the following yearly rates, namely, 2^, 3, 
3^, 4, thence by quarters to 10^, and for 11, 11^, 12 and 12} 
per-cent, for every year from one to twenty-five, and a specimen is 
given in Table C. 

In this will appear the peculiar facility of application of the 
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method which I associate with the name of De Moivre. By the 
usual mode the values for the several intervals would require to be 
separately computed. Here they are immediately obtained from 
the yearly annuities by the application of a constant factor. More- 
over, since the intei-est is assumed as payable once a year only, the 
rate remains unchanged throughout the several intervals, that is to 
say, the rate for each interval is such as, if improved for the 
remainder of the intervals in the same ratio, the interest will 
amount to the yearly rate and no more, at the end of the year. 
The nominal rate is therefore here the real rate. The yearly rate 
with the corresponding rates for each interval being placed at the 
top of the respective columns, the equivalents are seen together. 

As formerly intimated, a special advantage of this method 
consists in the facility of its application, by means of interpolation, 
to find the actual rate contained in any annuity payable in any of 
the given intervals, which fractional rate being found, the computer 
may, in estimating the yearly rate, at his option, multiply it by 
the number of intervals in the year, or raise it to the power whose 
exponent is that number, as ought truly to be done. A spade 
should always be called a spade, and not something a little 
different. 



Table C. 



Specimen, — Logarithms q/*(H-»)* and of the Annuity 
which £1 will purchase. 



7 PBR.CBMT Yearly Imtbrest. 



Years. Log(l + t)* 



10 
11 
12 

18 
14 
15 



0-29383.78 
0*32322^6 
0-35260,53 

0-38198,91 
0-41137,29 
0-44075,67 



Half-Years. 
Log Annuity. 



•03440804 



8-84500,33 
8-81657,75 
8-79159,45 

8-76947,77 
8-74977,89 



Quarters. 
Log Annuity. 



-01705852 



8-54028,48 
8-51185,90 
8-48687,60 

8-46475,92 
8-44506,04 



8-73214,29 I 842742,44 



Months. 
Log Annuity. 



-005654145 



Fortnights. 
Log Annuity. 



002605645 



806071,03 ' 7-72425,85 



8-03228,46 
800730,15 

7-98518,47 
7-96548,59 



7-69583,27 
7-67084,97 

7-64873,29 
7-62903,41 



7-94784,99 i 761139,81 



Weeks. 
Log Annuity. 



001301976 



7-42294,68 
7-39452,00 
7-86953,70 

7-34742,02 
7-32772,14 
7-31008,54 



It may be asked, — What is truly the interest for any interval 
less than one year ? The answer to this must be, — So much as 
can be obtained for the use of money in that interval. But what 
is the interest expressed in terms of the yearly rate ? The answer 
must be, — As much as can be made of it. If therefore simple 
interest be paid for consecutive intervals less than one year, the 
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yearly interest must be greater than the rate of simple interest for 
the interrals^ because the receiver has the option of investing such 
interest as paid. Accordingly^ we find standard writers on annuities 
distingaish between nominal and real rates of interest. But as it 
would be inconvenient to quote a rate with a string of decimals 
attaclied^ custom has established the practice of quoting the nominal 
rate instead of the real. Where this distinction is not kept in 
view^ confusion must arise. The preferable mode^ as far as regards 
annuities^ would be to follow the older writers who^ considering the 
yearly rate as the real one^ necessarily estimated compound interest 
for any interval shorter than one year as less than simple interest. 
I am aware that this point has been much debated. As expressing 
the clearest view of it which I had the opportunity of perusing^ I 
beg to mention the admirable letter of the late W. Orchard in 
vol. iv of the Journal of the Institute. That volume also contains 
a letter on the same subject by the celebrated Mr. Gompertz^ who 
maintains the view demonstrated by the ever memorable De Moivre. 
Will it be considered out of place if I here quote Mr. Todhunter's 
reference to De Moivre in his History of the Mathematical Theory 
of Probability, pp. 135, 136 ? ^' It is recorded that Newton him- 
" self, in the later years of his life, used to reply to enquirers re- 
specting mathematics in these words : ' Go to Mr. De Moivre, he 
' knows these things better than I do.' In the long list of men 
ennobled by genius, virtue, and misfortune, who have found an 
asylum in England, it would be difficult to name one who has 
" conferred more honour on his adopted country than De Moivre." 
Of living authorities, holding the same view, it may be sufficient 
to name Mr. Sprague and Mr. Peter Gray, as we find reported in 
the discussions at the Institute, Session 1866-7. Mr. Gray re- 
marks: "I give my entire adherence to the view taken by Mr. 
Sprague as to the true value of the interest for a fractional part 
of a year. The function which expresses the amount of a sum of 
money at the end of a given time, a(l + 1)**, is a continuous one ; 
and no sufficient reason can be assigned why it should hold for 
certain values of n and suddenly cease to hold for others. It has 
been well pointed out by our late Fellow, Mr. Orchard '', (in the 
letter I have named) '^ that the other view leads to a most egregious 
''anomaly. And that is, that the difference between the value of 
'' an annuity payable once a year, and one payable m times a year, 
'' diminishes as m increases and vanishes when m becomes infinite.^' 
May I be allowed to add a remark to those of Mr. Gray, namely. 
If it be an advantage to have an annuity payable oftener than once 



a 

€€ 



if 

u 
n 
i€ 



172 On the Transformation of Yearly Annuities [Jan. 

a year for^ say ten years^ would Dot the advantage and therefore 
the value be at least as great, if not greater, were the annuity 
continued for ever ? 

To render complete the three tables described, I compiled 
a condensed table of ten-place logarithms. So many places for 
log(l + t) are generally requisite in order to have seven places 
true when it is multiplied by a number of three digits. It consists 
of 2,800 numbers with their logs, namely, 100,000 to 100,999 with 
differences — 10,100 to 11,009 with first and second differences, 
and with a little table of corrections for the second difference to 
make the results true in the tenth place, and numbers 100 to 999, 
with reciprocals in addition to their logarithms. In this part of 
the table, the arguments may be considered as the present values of 
£1 in perpetuity, the reciprocals being the rates of interest. I have 
added the reciprocals in case it might be desired to use them at any 
time for interpolation, since the nearer the rates approach to each 
other the more exact will be the rate found by interpolation. The 
logarithms for (1 + <) are found by subtracting the log of the per- 
petuity from the log of the same perpetuity plus one. For 
example, the reciprocal of 200 is '005, of 20, '05, and of 2, '5 ; 
therefore. 

Log 201 = 2*30319,60574 Log 21 = 1-82221,92947 

Log 200 = 2-30102,99957 Log 20 = 1-30102,99957 

Log 1005=000216,60617 Log 1*05 =0-02118,92990 

Log 3 =0-47712,12547 In the same manner is found 

Log 2=0-30102,99957 log (1 + 1) for all the reciprocals. 

Log 1-5 = 017609,12590 

Required the present value of an annuity of £1 for 260 inter- 
vals at -002369668 per £1, this number being the reciprocal of 422. 

Log 423 = 2-62634,03674 
Log 422 = 2-62531,24510 

Log 1 002869668 = o-ooi02,79i64 x 260 

Log (1 + 1)*~ = 0-26725,83 

Log (1 -f t) -2«> = 9-73274,17 

Log { ( 1 + 1)260 — 1 } = 9-92960,74 

Log flr«, =Log 422 = 2-62531,25 

Log fl^26o! = 2-28766,16, its number is j6198'9374, the 

required value. 
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Another Solution. 
Log (1 + 1)*»= 0-26726^ robtract from 
Log 422 = 2*82531,25 



2*35805,42^ its noinber is 228*0627 labtract from 

a.»= 422* 



The present value as before is =£198*9878 

Examples of the Use of the Tables. 

(1) The present value of an annuity of £1 for 10 years being 
at 7 per-eent= 7*02358 (by Smart's Tables), what is the present 
▼alue of an annuity of £1 per quarter at the equivalent rate, 
namely, 01705852 per unit ? 



afo|=: 7-0235 8 

253014{,n'!SSd. 



280948 


2 


7023 


6 


210 


7 


85 


2 


1 


4 



By Tables A and JB. 
Log Oioj = 0-84655,86 

Constant = 0-61315,66 

Log4a^=:l*4597l>52 

its number is 
28*8214 as before. 



4a?^=:28*8214 {^SSl 



Sy direct Computation. 
Log 1*01705852 = 0*00784^59428 x 40 

Log (1 + •)«= 0*29883,77 

Log (1 +t)-*>= 9*70616,28 

Log { (1 + f)*> — 1 } = 9*98549,48 

Log a. = Colog f = 1*76805,87 

1,45971,58 as before. 

(2) The amount of an annuity of £1 for 10 years at 7 per-cent 
being 13*816448, what is the amount of an annuity of £1 per 
quarter at the equivalent rate ? 

Bjf iPablee A and JB. 
Log ajol = 0*84655,86 
Log (1 + f) " = 0*29888,78 

Constant = 0*61815,66 

1-75355,80 

its number is 56-69608 as before. 



lio|=: 18*81644 
125801 


8 

A f Fftctor 


5526579 

188164 

4144 

690 

27 

1 


2 
6 
9 
8 
6 
4 



4«^ = 56*«>608 {^^ 
▼OL. ZXIII. 



N 



174 



On the Transformation of Yearly Annuities [Jan. 



By direct Computation, 
Log (1 + 1)^'' i= 0-29383,78 = Log (1 + 1) »• 

Log { (1 + 1)«— 1 } =9-98649,43 
Log flco = 1-76805,87 

Log 4^10; = 1*75356,30 aa before. 

(3) The annuity to repay jEIOO with interest at 7 per-cent for 
10 years is 14-237750, what is the quarterly annuity to 
repay £100? 



4-103521) 14-2d7750(3-469643 

1927187 
1641408 

285779 
246211 

89568 
36932 

2636 
2462 

174 
164 

10 
12 



Btf Table* A and B. 
I'Og «loI = 0-8465536 

Constant == 0-61315,66 

Log 4fl^ = 1-46971,62 
Colog = 8-54028,48 

Log 100=2 

0-54028,48 

its number is 8-4696,43 
as before. 



(4) What is the sinking fund, payable quarterly, to accumulate 
to £100 in 10 years at 7 per-cent yearly interest ? 

The annuity to repay £100 with interest is =3-469643 
The interest of £100 for one quarter is =1-705862 

The remainder is the required sinking fund =1-763791 



Amount of £1 per quarter: 
Sinking fund inverted 



Froof. 

56-6960 8 
19 7367 1 



Jy Logarithms. 



566960 

896872 

34017 

1700 

396 

51 



8 
6 
6 
9 
8 

6 



Log4s^ = l'7536530 
Log 1-768791=0-2464471 

Log 100=2-0000001 



1000000 
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If the interest were convertible quarterly, and also one-fourth 
of the yearly rate, namely, '0175, per £1 per quarter, the present 
value of an annuity of £1 would be =28*5942; but since the 
interest is assumed as convertible yearly, the value, namely, 
28*8214, is slightly greater, the difference being '2272, or about 
49. 6|J. Also the annuity to repay iElOO, with interest, would 
be greater, namely, 3*497209, from which, if the interest of £100 
(1"75) be deducted, there remains 1*747209 for the sinking fund, 
which is smaller than when the interest is taken as convertible 
yearly. This may be of some importance when treating of assur- 
ance premiums payable at short intervals. 

The half-yearly values in Smart^s Tables which were pronounced 
" wrong '^ by Mr. Milne, at page 693 of his Work, and by Griffith 
Davies in note at page 41. of his, as '^inapplicable to annual 
conversions'', are, by the factors, rendered as useful as the yearly 
ones, as may be seen in the following example, namely : — 

(5) The present value of an annuity of £1 for 12^ years at 
7 per-cent is 8*153678, what is the present value of £1 per quarter 
at the equivalent quarterly rate ? 



«Ba = 



8153678 
12530U 



3261471 

81536 

2446 

407 

16 



4tfSB 



2 
8 
1 
7 
3 
8 



33-45879 

Value 
required. 



By Lofforithfns. 
Log fligi = 0'91136,35 

Constant = 0-61315,66 



(4) 



I^g 4^1^ = 1*52451,01 

its iiuml>er is 33*45878 
w before. 



Another Solution, 
Log (1 + 1) = 0-00734,59423 x 60 

Log (1 + 1)" = 0-36729,71 

Log (1 -f t)""= 9-63270,29 

Log{(l -h l)**—l} = 0-12374,86 

Cologt = 1-76805,87 

Log 4a^ = 1-52451,02 

as before* 



Similarly all the other usual values may be found for the half-years. 

(6) A loan of £100 for 12 years is repaid by quarterly instal- 
ments of £S. Is. 6d. each. What is the rate of interest ? Turning 
3:1:6 into a decimal and dividing by 100 we obtain '03076 ; 
the logarithm of which is 8'4878451 for the annuity which £1 
will purchase, the colog of this being= 1*51215,49 is the true 

log4ai2|^ at the rate sought for. Inspection of Table C shows 
this to be slightly greater than 7 per-cent true yearly interest, 
and the rate is found by a simple interpolation, thus : — 



N 2 
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7 per-cent 1-51312,40 1'5181240 -01735548 
7i „ 1-61042,86 1-5121549 01706852 

26954: 9691:: 29691: 10676 

•01706852 



The required rate is -01716527 very nearly, 

interpolation by means of the logarithmic values being as legitimate 
as by the natural numbers. 

Proof of the Rate, 
Log 101716527= 0-00789,16232 x 48 

Log fl,-q for 7 J per-cent is Log (1 + i)**= 0-35479,31 
found thus : — 

Log (1 + %) -«= 9-64620,69 
Log ai2| = 89707,92 Log {(l + i)^—l} =0-10159,79 

Constant = 0-61334^94 Log a^ = Colog i = 1-76634,94 

Log 4a^ = 1-51042,86 Log 4ffni = 1"61216,42 

True log 4fln| = 1-51216,49 

Error= -0000007 

(7) How much of this loan is paid ofF at the end of 7\ years ? 
12— 7i = 4J years, or 18 quarters ; then find the present value of 
the annuity for 18 quarters, and deduct it from the sum lent. 

Log (1 + 1) = 000739,15232 x 18 Another Solution. 

T /I . -Ma Z Annuity = 3-075 

Log (1 +.r-= 0138O4.yi i^^ ^j £100=1-7165^ 

Tn ]^fj\t''^-;i=''^''^ Sinking fund=i:^^3 

Log {(1 + 0*^—1} =9-65444,28 ® 

Log floo = Colog i = 1-76534,94 

Log 8075 =0-48784,61 '^^^ question now be- 

Lent 100- comes, to find the 

Log 4flg| X an. = 1-67648,99 Numb. - 4727 amount of an annuity 

Paid off "6278 ^'^^ ^ *^® sinking 

fund for 80 quarters. 

Operation, 
Log (1 + 1)«>= 0-2217457 

Log { (1 + f )«> — 1 } = 9-8236510 
Log a. = 1-7653494 

Log Sinking fund =0-1330510 

— 

Log 4rf7j| X S.f. = 1-7220614, the number to which is 62'73 as before. 
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(8) How much principal and interest are contained in the 31 st 
instalment of this loan ? The respective amounts in the first in- 
talment are seen above. Then for the principal raise the sinking 
fund to a power whose exponent is one less than the number of the 
instalment^ the result deducted from the constant annuity leaves 
the interest, 31 — 1 =30. 



Log (1 + 1)»=0-2217467 
Log S.f. = 0-1830510 

Log Principal = 0-3547967 



Annuity =3075 
Number = 2-258378 Principal. 
0-816622 Interest. 



, (9) What is the constant factor to transform yearly annuity- 
values at 7* 185904 per-cent into quarterly ones ? By taking pro- 
portional parts to eighths of the differences, factors for any yearly 
rate are found. 

The next less tabular rate is 7^=7*125 
Rate whose factor is wanted =7*185904 



•060904 diff. 



Tabular diff. 1927 

9060 diif . inverted. 



115-62 
1-73 



117-35 X 8 



939 



Proportional part= 
Next less factor =0-6133494 



In place of dividing by *126, 
we multiply by its recipro- 
cal, 8. 



Bequired factor: 
Logfloo=Cologt: 



0-6134433 
: 1-1435186 



Log4flS for qrtr. =1-7569619 
Logf=Cologaco 



To find the quarterly interest, pro- 
ceed as in the example. 



= 8-2430381 Number = -0176 and -0176 x lOO = 1-76, 

the rate. 

It is known that 1*75 per-cent paid quarterly =7*185904 
per-cent paid yearly. 

It may be stated that annuities payable at stated intervals are 
readily changed into others of equivalent value for different intervals, 
by adding or subtracting the differences of their logarithmic 
factors. 
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I hope the following concluding remarks as to Annuities-certain 
may not be considered hypercritical. If we take the annuity to 
repay say £100 with interest in a certain number of years from 
the ordinary numerical tables^ and for this annuity take the nearest 
penny which the tabulated decimal vnW give, we shall find that a 
difference of less than one half-penny in the repayment annuity 
creates an appreciable difference in the rate, which, when the annuity 
is large, it may be impoi*tant to take account of. 

(10) For example : — ^Taking, from Smart's tables, the annuity 
to repay i£100 with interest in 20 half-years at 2\ per-cent per 
half-year, we find it to be 6*414713, this being equal to 
£6, Ss, 3'53(f., or taking the nearest penny, £6. 8^. 4d., which, 
decimally expressed, is 6*41666, &c. The half-yearly rate which 
this fractionally increased annuity gives is 025032267, instead of 
*025. Suppose £10,000 is lent, the repayment annuity being 
£641*666. The present value of this annuity, for 20 half-years, 
at 24 per-cent, is £10,00305, whereas at 2*5032267 per-cent, it is 
exactly £10,000. 

To apply the factors to the transformation of life annuity-values 
and the obtaining assurance premiums payable in fractional 
intervals of a year : — 

At the outset, I must say that it is my misfortune to know very 
little of the important subject of life contingencies, not having 
had time to give it attention, but which I hope some day to 
overtake. 

For my present purpose, happily, it is not necessary to be able 
to apply the doctrine of probability to annuities. I begin where 
that has already been accomplished, with the values usually tabu- 
lated and payable yearly. 

Since the factors apply to annuity-values, without reference to 
duration, namely, equally for all durations, it is evident this must 
include life annuity-values ; and since every annuity short of a 
perpetuity must be for some definite term, or have a term corres- 
ponding to it, we may, if we know the rate of interest, discover the 
term from the annuity-value. We are thus furnished with a means 
of proof of what may be here adduced, namely, the same rules 
which govern annuities for terms certain. 

I shall first give a few examples of deriving premiums for 
fractional intervals from yearly annuity-values, comparing them 
with those found in well-known works where interest is convertible 
at the same intervals. As may be expected, the premiums derived 
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by means of the factors^ the interest being convertible yearly, will 
be somewhat greater. 

Turning now to Dr. Farr^s English Table No. 8, we find 
the valae of an annuity on a male life, age 30, 3 per-cent, when 
reduced to the usual form (200143—1), is 190143. Here the 
half-yearly factor is 2*014889, and (1 - r) = -0146707, the formula 
being 1 : (l-f-a,) — (1— r). To obtain half-yearly premiums, we 
proceed as follows : — 

1 



^90= 19-0148 

Factor inyerted= 984102 



380286 

1901 

761 



— (l—t?) = -0146707 



Half-yearly prem. = -010767 
^52 Dr. Farr's „ =s -010606 

17 



>9 



2fl25 = 38-3117 



Difference =-000161 , being equal 
to 4d. on an assurance of i£100. 



+ 1- 



w 



2a8o= 39-3117 



At age 40, the yearly value (reduced) is 16*4744 : — 



0^=16-4744 

Factor inverted = 984102 



s -0292448 



329488 

1647 

659 

132 

15 



341941 

— (l—t?) = -0146707 

Half-yearly prem. = -014574 



Dr. Farr^s 



j> 



= -014336 



2a!|!^ = 83-1941 



Difference =-000288 , being equal 
to 6d. on an assurance of d£100. 



+ 1- 



») 



2040 = 34-1941 



For quarterly premiums, the factor is 4*044723 and (1— v) 
= 0073625:— 

flao= 190143 1 

Factor inverted = 274404 



760572 

7606 

761 

133 

4 



_W) 



4aii= 76-9076 
+ 1* 



- = -0128357 

77-9076 ^ 

— (l — t?) = -0073625 

Quarterly Prem. = -0054732 
Dr. Farr's „ =:-00635X 

Difference =-000122 , being equal 
to 3i. on an assurance of j£100. 



.(«) 



4aiQ= 77-9076 
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^40= 16*4744 

Factor inverted = 274404 



65-8976 

6690 

659 

115 

3 



— (l—r)= 0073626 

Quarterly Prem.= 007423 



Dr. Parr's 



ff 



= •007241 



4aM= 66-6848 



+ 1- 



Difference =-000182 , being eqnal 
to 4^d. on an assurance of dSlOO. 



Mi 



40^ = 67-6843 



Turning again to Mr. AnselPs work on Friendly Societies^ 
Table VII^ the value of an annuity of £1^ at age 30^ at 3 per-cent^ 
is 181828, and at 40 is 15*6673. Here the factor is 1216412 
for months, and {l—v) is '0024602. Required the monthly 
premiums to assure £1 at these ages ? 

080=18-1828 

Factor inverted = 146121 



181828 



222072 ='«^'*' 

— (l—t;) = -0024602 

86366 Monthly prem. = 0020408 

1091 

78 

2 



12flS? =221-172 



Mr.Ansell^S ,, =-001964 =A of his taIim 

in Table XXII. 

Difference ='000077 , being equal to 
2d. on an assurance of £100. 



120^0' =222-172 



040=16-6673 

Factor in verted = 146121 



156673 

81335 

1567 

940 

62 

2 



12^^=190-579 



— (l—t7) = -0024602 

Monthly prem. =-0027596 

Mr. Ansell's „ =-0026460=^ of his prem. 

in Table XXII. 

Difference =-000115 , being equal to 
2ld, on an assurance of j£100. 



12a2o^= 191-679 



I now give an example of obtaining single and annual premiums 
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in order to deduce from them a means of proving the correctness 
of premiums found for fractional intei-vals. Turning to Mr. Morgan^s 
work on Assurances (1821)^ page 87, we find the value of an annuity 
at age 20, Northampton Table and 3 per-cent interest, to be 18'6385. 
The reciprocal of this, being the annuity which £\ will purchase, 
is -05365239. If from this the interest of £1 ( = -08) be deducted, 
there remains '02365239, the portion of the annuity to replace the 
purchase-money, or the sinking fund. Then 18*6385 x '02365239 
= '440845, and this is the sum which, if invested at the end of 
the year, will amount to £\ on the extinction of the life. If this 
were an annuity-certain, '440845 would be the present value of 
£\ doe at the end of its term. 

It may be remarked that this, the present value of £1, namely, 
'440845, will be the same, whether the annuity-value whence it may 
be derived be yearly or fractional, because the interest for the several 
intervals is such as, improved for the remainder of the year in the 
same ratio, will amount to the yearly interest, and no more, at the 
end of the year. 

Since an assurance premium is payable at the beginning of a 
year, the value already found, namely, '440845, must be discounted 
for a year, which brings it to '428005, being the present value of 
dSl due at the end of the year in which, according to the table, 
death happens, or the single premium to insure £\ on the life. 

If the single premium be divided by the annuity-value, 18*6385, 
the quotient would be the annual premium, if paid at the end of 
each year, for an assurance of £1 ; but since the premiums are pay- 
able at the beginning of each year, the annual premium supposed 
payable at the end of the year must be discounted for a year, or, 
which amounts to the same, the single premium must be divided 
by the annuity plus unity, in this instance 19*6385, the quotient 
being '0217942, which is the annual premium required. The 
reciprocal of '0217942 is 45'8838, which is the sum an annual 
premium of d61 will insure on the life, called by Griffith Davies 
" the improved amount of an annuity of £\ on an assigned life, 
payable at the beginning of the year.'^ These values, namely, 
-428005,-0217942 and 458838 agree with thosegiven by Mr.Davies 
at page 242 and in Table XXXVIII of his Treatise on Annuities^ 
which may be accepted as abundant proof of their correctness. 

My object in arriving at the single and annual premiums by 
the circuitous method just described, is to obtain a method of proof 
for annual premiums as well as for those for fractional intervals, by 
finding what would be the improved amounts of such sums invested 
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at the beginning of each year or interval for the period of duration 
corresponding to the annuity-value, which duration is very easily 
found from the single premium^ thus : — the reciprocal of it, namely, 
of '428005, is the amount of £\ in the time sought for, the 
logarithm of which divided by the log of (1 + 1) gives the answer 
required, which in the present instance is 28*70957 years. The 
amount of £\ invested at the beginning of each year for 28*70957 
years will amount to 45*8838, and so in proportion for any other 
sum or premium invested, which amount is due at the end of the 
year in which death happens. 

The same reasoning applies to premiums for fractional intervals, 
thus : — for quarters, discounting '440845 for one quarter, the single 
premium is '437599, and dividing by the quarterly annuity (derived 
from the yearly one, in the manner previously shown) plus unity 
the quarterly premium is *005728672 for an assurance of £\ pay- 
able at the end of the quarter in which death occurs, the duration 
in this case being 111*8383 quarters, being three-quarters of a year 
less than that of the assurance paid for by yearly premiums. 
Similarly, the duration for a monthly annuity is 833*515 months, 
being eleven months less than the yearly, and for a weekly annuity 
1441*898 weeks, being fifty-one weeks less than the yearly dura- 
tion, the assurance being payable at the end of the interval in 
which death happens and for which the premiums were paid. 

Here it may be asked. Is it possible to invest monies so that 
compound interest may be obtained, convertible at short intervals, 
as weekly, monthly, or even quarterly ? I should think not. 
Hence it may be found that contingent liabilities provided for by 
periodic payments computed on the assumption of interest being 
converted into principal at short intervals cannot be met. This has 
been well pointed out by Mr. Orchard, in the letter to which I have 
already referred, and now recommend for careful perusal. 

I have thus endeavored to show some of the uses of the 
constant factors. It is possible they may have other uses with 
which I am not at present acquainted. I have aimed throughout 
at being practical ; — whether I have succeeded must be left to the 
judgement of more experienced heads than mine. 
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APPENDIX.— Table I.— Logarithms of Constant Factors, 



TAirlj 
lUtea. 


Half-Yearly. 


Qaaiterly. 


Monthly. 


Fortnightly. 


Weekly. 


Momently. 
0-00537,30 


Yearl; 
Rates 


2J 


O30371 ,92 


0-60609,18 


1-08U0,73 


1-42014,00 


1-72127,32 


24 


21 


0-30385,24 


0-60629,13 


1-08435,10 


1-42039,56 


1-72153,38 0-00563,87 


24 


2} 


0-30398,54 


0-60649,06 


1-08459,45 


1-42065,10 


1-72179,42 0-00590,42 


24 


2i 


0-30411,84 


0-60668,98 


1-08483,77 


1-42090,61 


1-72205,44 


000616.95 


24 


8 


0-30425,12 


0-60688,88 


1-08508,07 


1-42116,09 


1-72231,43 


0-00643,44 


3 


31 


0-30438,38 


0-60708,75 


108532,34 


1-42141,54 


1-72257,40 


0-00669,91 


34 


3i 


030451,64 


0-60728,61 


1-08556,59 


1-42166,97 


1-72283,34 


0-00696,35 


34 


8f 


0-30464,88 


0-60748,45 


108580,82 


1-42192,38 


1-72309,2 i 


0-00722,77 


31 


H 


0-30478.11 


0-60768,27 


1-08605,02 


1-42217,76 


1-72335,13 j 000749,16 


34 


31 


0-30491,33 


0-60788,07 


1-08629,20 


1-42243,12 


1-72360,98 


0-00775,52 


34 


3} 


0-30504,54 


0-60807,85 


1-08653,36 


1-42268,44 


1-72386,81 


00801,86 


34 


33 


0-30517,74 


0-60827,61 


1-08677,48 


1-42293,75 


1-72412,62 


0-00828,17 


34 


4 


0-30530,92 


060847,36 


1-08701,59 


1-42319,03 


1-72438,41 000854,45 


4 


4i 


0-30544,09 


0-60867,08 


1-08725,67 


1-42344,28 


1-72464,16 


0-00880,71 


44 


4i 


0-30557,25 


0-60886,79 


1-08749,73 


1-42369,51 


1-72489.89 


0-00906.94 


44 


4t 


0-30570,40 


0-60906,48 


108773,76 


1-42394,72 


1-72515,59 0-00933,14 


44 


44 


0-30583,54 


0-60926,15 


1-08797,77 


1-42419.89 


1-72541,27 


000959,32 


44 


^ 


0-30596,66 


0-60945,80 


1-08821,76 


l-42^145,at 


1-72566,93 


0-00985,47 


44 


41 


0-80609,77 


0-60965,43 


1-08845,72 


1-42470,17 


1-72592,56 


001011,60 


44 


41 


0-30622,87 


0-60985,04 


1-08869,66 


1-42495,27 


1-72618,16 


001037,70 


44 


5 


0-30635,96 


0-61004,64 


108893,58 


1-42520,35 


1-72643,74 


001063,77 


6 


5» 


0-30649,04 


0-61024.21 


1-08917,47 


1-42545,41 


1-72669,28 


001089,82 


54 


5i 


0-30662,11 


0-61043,77 


108941,34 


1-42570,44 


1-72694,80 


001115,84 


54 


51 


0-30675,16 


0-61063,31 


1-08965,19 


1-42595,44 


1-72720,30 


0-01141,84 


54 


64 


0-30688,20 


0-61062,83 


1-08989,01 


1-42620,42 


1-72746,78 


0-01167,81 


54 


5i 


0-30701,23 


0-61102,33 


109012,81 


1-42645,38 


1-72771,23 


001193,76 


54 


5f 


0-30714.25 


0-61121,82 


109036,59 


1-42670,31 


1-72796,66 


0-01219,68 


54 


51 


0-30727,26 


0-61141,28 


1-09060,35 


1-42695,21 


1-72822,06 


0-01245,57 


54 


6 


0-30740,25 


0-61160,73 


1-09084,08 


1-42720,10 


1-72847,43 


001271,44 


6 


64 


0-30753,24 


0-61180,16 


1-09107,79 


1-42744,95 


1-72872,79 


001297,28 


64 


64 


0-30766,21 


0-61199,57 


1-09131,47 


1-42769,79 


1-72898,12 


0-01323,10 


64 


61 


0-30779,17 


061218,96 


1-09155,13 ' 1'42794,60 


1-72923,41 


0-01348,89 


64 


64 


0-30792,12 


0-61238,34 


109178,77 ! 1-42819,38 


1-72948,69 


0-01374,66 


64 


61 


0-30805,06 


0-61257,69 


109202.39 


1-42844,15 


1-72973,94 


0-01400,40 


64 


6t 


0-30817,99 


0-61277,03 


1-09225,99 


1-42868,89 


1-72999,17 


0-01426,11 


64 


64 


0-30830,90 


0-61296,35 


109249,56 


1-42893,60 


1-73024,38 


0-01451,81 


64 


7 


0-30843,81 


0-61315,66 


1-09273,11 


l-42918,-29 


1-73049,56 


0-01477,47 


7 


74 


0-30856,70 


0-61334,94 


109296,64 


1-42942,95 


1-73074,71 


0-01503,11 


74 


74 


0-30869,58 


0-61354,21 


109320,14 


1-42967,59 


1-73099,83 


0-01528,73 


74 


74 


0-30882,45 


0-61373,46 


109343,62 


1-42992,21 


1-73124,94 


0-01554,32 


74 


74 


0-30895,31 


0-61392,69 


109367,08 


1-43016,80 


1-73150,02 


0-01579,89 


74 


71 


0-30908>16 


0-61411,90 


109390,52 


1--43041,38 


1-73175,07 


0-01605,43 


74 


74 


0-30920.99 


0-61431,10 


109413,93 


1-43065,93 


1-73200,10 


001630,95 


74 


74 


0-30933,82 


0-61450,28 


109437,32 


1-43090,45 


1-73225,11 


01656,44 


74 


8 


0-30946,63 


0-61469,44 


109460,69 


1-43114,95 


1-73250,10 


0-01681,91 


8 


84 


0-30959,43 


0-61488,58 


1-09484,04 


1-43139,42 


1-73276,06 


0-01707,35 


84 


8i 


0-30972,23 


0-61507,71 


109507,36 


1-43163,88 


1-73299,99 


001782.77 


84 


84 


0-30985/)l 


0-61526,81 


1-09530,66 


1-43188,31 


1-73324,90 


001758,16 


84 


84 


0-30997,77 


061545,90 


1-09553,94 


1-43212,71 


1-73349,79 


001783,53 


84 


d4 


0-31010,53 


0-61564,97 


1-09577,20 


1-43237.10 


1-73374,66 


0-01808,88 


84 


8f 


0-31023,28 


0-61584,03 


109600,44 


1-43261,46 


1-73399,50 


0-01834,19 


84 


84 


0-31036,02 


0-61603,07 


1-09623,66 


1-43285,79 


1-73424,82 


0-01859,49 


84 


9 


0-31048,74 


0-61622,09 


1-09646,85 


;i-43310,10 


1-73449,11 


0-01884,76 


9 


94 


0-31061,45 


0-61641,09 


109670,02 


1*43334,39 


1-73473,87 


0-01910,01 


94 


94 


0-81074^16 


0-61660,08 


1-09693,17 


1-43358,66 


1-73498,62 


0-01935,23 


94 


91 


0-31086.85 


0-61679,05 


109716,30 


1-43382,90 


1-73523,34 


001960,43 


94 


94 


0-31099,53 


0-61698,00 


109739,41 


1-48407,13 


1-73548,04 


0-01986,61 


94 


94 


0-31112,20 


0-61716,93 


109762,49 


1-43431,32 


1-73572.71 


0-02010,76 


94 


94 


0-31124,86 


0-61735,86 


109786,66 


1-43455,60 


l-78697,36 


0-02035,89 


94 


94 


0-81187,61 


0-61764,76 


1-09808,69 


1-43479,66 


1-73621,99 


0*02060,99 


94 


10 


0*31160^4 


0-61773,63 


109831,61 


1-43503,78 


1-73646,60 


0K)2086.07 


10 



184 



On the Transformation of Yearly Annuities [Jam. 



Table II. — Fractional Bates of Interest corresponding to Yearly Bates. 



Yearly 
t 



2i 
21 
2f 
2i 
3 

3i 
3i 
81 
H 

3i 

8t 

4 

4i 

4i 

4f 
4* 
41 

4i 

4f 

5 

6i 

5i 

6f 

5* 

5* 

5* 

6i 

6 

6i 

6i 
6f 

a* 

6* 
6i 

6} 

7 

71 
7i 
71 

7i 
71 
7i 
71 
8 

8^ 
8i 
8* 
Bk 
8t 

8i 

8f 

9 

9* 

9i 

9f 
9i 



Hftlf-YeHrly. 



012422,84 
013039,98 
013656,76 
014273,14 
014889,16 

015504,80 
016120,07 
016734,97 
017349,50 
017963,65 

018577,44 
019190,85 
019803,90 
020416,58 
021028,89 

021640,84 
022252,42 
022863,63 
023474,47 
024084,06 

024695,08 
025304,84 
025914,23 
026523,26 
027131,93 

027740,24 
028348,19 
028955,78 
029563,01 
030169,89 

030776,41 
031382,57 
031988,37 
032593,82 
033198,92 

033803,66 
034408,04 
035012,08 
035615,76 
036219,08 

036822,07 
037424,70 
038026,97 
038628,90 
039230,48 

039831,72 
040432,60 
041033,14 
041633,33 
042233,18 

042832,68 
043431,84 
044030,65 
044629,11 
045227,25 

045825,03 
046422,48 
047019,68 
^7616,34 
«212,76 



" Quarterly. 

{(1+0* -1} 



0061922,46 
0064988,72 
0068052,18 
0071112,84 
0074170,72 

0077225,82 
0080278,13 
0083327,68 
0086374,46 
0089418,48 

0092459,76 

0095498,29 

0098534,07 

010156,71 

010459,74 

010762,50 
011064,99 
011367,21 
011669,15 
011970,83 

012272,23 
012573,37 
012874,24 
013174,83 
013475,17 

013776,24 
014075,04 
014374,58 
014673,85 
014972,85 

015271,59 
015570,07 
015868,28 
016166,24 
016463,93 

016761,36 
017058,62 
017355,43 
017652,08 
017948,47 

018244,60 
018540,47 
018836,09 
019131,45 
019426,55 

019721,40 
020015,98 
020310,32 
020604,40 
020898,22 

021191,79 
021485,11 
021778,18 
022071,00 
022363,56 

022655,87 
022947,93 
023239,75 
023531,81 
023822,62 



Monthly. 

{(1 + 0^-1} 



•0020958,36 
•0021616,15 
•0022632,80 
•0023648,31 
•0024662,70 

•0025675,95 
•0026688,09 
•0027699,10 
•0028708.99 
•0029717,75 

•0030725,42 
■0031731,96 
•0032737,40 
•0033741,73 
•0034744,95 

•0035747,07 
•0036748,09 
•0037748,03 
•0038746,85 
•0039744,59 

•0040741,24 
•0041736,80 
•0042731,28 
•0043724,68 
•0044716,99 

•0045708,23 
•0046698,39 
•0047687,48 
•0048675,51 
•0049662,46 

•0060648,35 
•0051633,17 
•0052616,94 
•0053599,66 
•0054581,30 

•0055561,90 
•0056541,45 
•0057519,95 
•0058497,41 
•0059473,82 

•0060449,19 
•0061423,52 
•0062396,82 
•0063369,07 
•0064340,30 

•0065310.50 
•0066279,67 
•0067247,80 
•0068214,93 
•0069181,03 

•0070146,11 
•0071110,18 
•0072073.23 
•0073035,25 
•0073996,30 

•0074956,33 
•0075916,34 
•0076873,35 
•0077830,37 
•0078786,88 



Fortnightly. 
{(l + »)^Sr-l} 



•00095016,71 
•00099708,84 
0010439,55 
0010907,66 
0011375,24 

0011842,26 
0012308,74 
0012774,68 
0013240,07 
0013704,93 

0014169,25 
0014633,03 
0015096,27 
0015558,98 
0016021,16 

0016482,80 
0016943,91 
0017404,49 
0017864,54 
0018324,07 

0018783,07 
0019241,54 
0019699,49 
0020156,92 
0020613,82 

0021070,21 
0021526,07 
0021981,42 
0022436,25 
0022890,67 

0023344,37 
0023797,66 
0024250,43 
0024702,70 
0025154,46 

0025605,69 
0026056,45 
0026506,68 
0026956,41 
0027405,64 

0027854,36 
0028302,58 
0028750,30 
0029197,53 
0029644,25 

0030090,47 
0030536,21 
0030981,45 
0031426,19 
0031870,44 

0032314,21 
0032757,47 
0033200,26 
0033642,55 
0034084,36 

0034526,67 
0034966,62 
0036406,87 
0035846,74 
003628^13 



Weekly. 

{(1 + 0^-1} 



00047497,07 
00049842,00 
00052184,13 
00054523,46 
00056860,01 

00059193,77 
d0061524,77 
00063853,00 
00066178,48 
00068501,20 

00070821,18 
00073138,41 
00075452,90 
00077764,66 
00080073,72 

00082380,06 
00084683,70 
00086984,62 
00089282,85 
00091578,38 

00093871,26 

00096161,47 

00098448,99 

0010073,38 

0010301,61 

0010529,56 
0010757,25 
0010984,68 
0011211.84 
0011438,74 

0011665,38 
0011891,76 
0012117,88 
0012343,73 
0012569,33 

0012794,66 
0013019,75 
0013244,57 
0013469,13 
0013693,44 

0013917,49 
0014141,29 
0014364^84 
0014588,12 
0014811,16 

0015033,94 
0015256,47 
0015478,76 
0015700,77 
0015922,54 

0016144^07 
0016365,36 
0016586,37 
0016807,15 
0017027,68 

0017247,97 
0017468,00 
0017687,79 
0017907,34 
0018126,63 



Momently. 
Loga (1 + 




•024692,61 
•025911,38 
•027128,67 
•028344,47 
•029558,80 

•030771,66 
•031983,05 
•033192,97 
•034401,43 
•035608,48 

•036813,97 
•038018,07 
•039220,71 
•040421,92 
•041621,68 

•042820,00 
•044016,89 
•045212,34 
•046406,37 
•047598,98 

•048790,16 
•049979,93 
•051168,29 
•052355,23 
•053540,77 

•054724,90 
•055907,63 
•057088,97 
•058268,91 
•059447,46 

•060624,62 
*061800,40 
•062974,80 
•064147,82 
•065319,47 

-066489,74 
•067658.65 
•068826,19 
•069992,37 
•071157,20 

•072320,66 
•073482,78 
•074643,54 
•075802,97 
•076961,04 

•078117,78 
•079273,18 
•080427,25 
•081579,99 
•082731,40 

•083881,49 
•085030,25 
•086177,70 
•087323,83 
•088468,65 

•089612,16 
•090754,36 
•091895,26 
•093034^87 
•094173,17 
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Discussion. 

The Pbesideiyt (Mr. A. H. Bailey) said he was sure they would 
all appreciate this contrihution hy a new memher, who had shown a 
g^reat amount of industry in the preparation of the tahles which he 
had exhihited that evcDing. The paper would hare a practical value 
for actuaries. Assurance companies often make advances in consi- 
deration of annuities for terms of years, payahle most frequently 
half-yearly, but in some cases quarterly. Such a rate of interest as 
4si per-cent payable half-yearly has of late been by no means un- 
common in these transactions, and in such cases tables of compound 
interest at 2^ are wanted, but none such are available. Colonel 
Oakes's tables ascend by steps of ith, but not of ^th. He thought 
some of them therefore might derive assistance in their work from 
Mr. McKeuzie's labors. 

Mr. G. KoG said they were of course all very well aware that 
the values and amounts of annuities payable yearly can be trans- 
formed into similar functions payable quarterly, or at any other 
intervals, by means of constant factors, if the rate of interest is kept 
the same ; but he did not think it was a common thing in practice so 
to do. When they grant loans to corporations and other bodies in 
exchange for annuities payable half-yearly, they take the interest 
convertible half-yearly, thus securing a somewhat higher interest. 
However, these factors are worthy of attention. Mr. Sprague, in 
his article on ''Annuities" in the EncyclopcBdia Britannica, gave 
another form of factor. The form given in most of the books is 
derived from looking at the rate of interect in the denominator of the 
expression for the value of the annuity. In the numerator the ex- 
pression is identical, whether the annuity be payable yearly or at any 
other interval. But in the denominator we get a different expression, 
and by taking the ratios of the denominators the factors are obtained. 
Mr. Sprague looked at it differently. He accumulated to the end of 
the year the payments of the annuity payable at short intervals, and 
formed them in that way into a new annuity payable yearly, and by 
means of the accumulation got an expression for the factor. For 
instance, for an annuity payable half-yearlv, Mr. Sprague' s constant 
factor is i{(l + »)*+!}• It is of course identical in value with the 
other, but in a different form. 

Towards the close of the paper an application of the constant 
factors to life annuities is given, but they do not seem exactly suitable 
for the purpose. In the case of annuities-certain, there is only one 
difference between the annuity payable yearly and at other intervals, 
and it arises simply from the interest. In the case of life annuities, 
there is the same difference of interest, and in addition the difference 
of mortality. These differences diverge in opposite directions, and 
tend to neutralize each other, and hence the closeness of the results 
obtained by Mr. McKenzie, as compared with the figures of Dr. Fanf 
and others. In the cases of annuities on old lives the differences 
would be greater. 

Mr. McKenzie had pointed out in certain tables of annuities a 
considerable number of errors. Now it is very desirable to have some 
simple and ready means of checking a table with which we are not 
familiar. To recompute all the values would be absurd, but if by 
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some simple formula a check can be got, it is a great advantage. In 
investigating Mr. Makeham's annuities of different orders, he (Mr. 
King) had found a method of checking printed tables by mere 
addition. Supposing they, had tables of present values of annuities 
for any number of years up, say, to 100, like the tables in Jones's 
book, if they simply summed them, they would find that the sum of 
the column was equal to (»— «,Tl) :t. Also as regarded the columns 
of amounts, the sum is equal to {(1-f /)«,7] — n} : i, the small letter s 
being used to denote the amount of an annuity, there being no symbol 
for that function in the Institute scheme of notation. If the equation 
holds, the table is correct. If not, there is an error, and we must 
divide the table into sections, and apply the formula again and so 
localize the error. 

Mr. C. Walford remarked that, apart from the scientific value of 
the paper, anything which recalled the life of De Moivre had for him 
a great charm, embracing as it did the circumstances which drove 
him from his own country and induced him to come here — the period 
of the South Sea Bubble, when the Government of this country was 
pressed very much in its mode of State financing, and had recourse to 
lotteries. Out of that system of finance by means of State lotteries 
arose a very long series of problems, which must have been exceed- 
ingly interesting to De Moivre, and in all probability have provided 
him with a considerable source of revenue. With regard to these 
lotteries, there were forty combinations of chance. You could insure 
with a broker as to whether you would draw a prize or a blank, with 
another broker as to whether your number would be drawn before a 
certain hour or a certain day ; and with another against the chance of 
your number consisting of two, three, four, or five figures. Every 
combination of chance that ingenuity or want of money could devise 
was applied to the system of lotteries. 

Mr. Petee Gray was much pleased with the formulas of verifi- 
cation brought before them by Mr. King. He believed they were 
quite new, and they ought to be very useful. Mr. Walford's refer- 
ences to De Moivre reminded him of an incident in his own experience. 
In the preface to a work published thirty years ago he spoke of De 
Moivre as " the ingenious De Moivre". He submitted the preface to 
Prof. De Morgan, by whom it was returned with the notandimi : — 
" Ingenious ! why it ought to be illustrious at the very least." Of 
course he adopted the correction. 

Mr. T. G. AcELAiH) thought these factors peculiarly applicable to 
the valuation of the affairs oi building societies, where monthly pay- 
ments usually arise. If we have, for example, to compute the value 
of monthly instalments, with interest at 6 per-cent per annum, it was 
far from satisfactory to take the tabular value at i per-cent per 
month for the number of months, as that plan assumes that interest 
is convertible monthly, and gives in the year a rate exceeding 6 per- 
cent. The better plan in the case of monthly payments would be to 
employ the factors advocated in the paper before them. 

Mr. G. W. Bebridge remarked that in the case of an annuity- 
certain, whether it was payable yearly or half-yearly, the same gross 
amount was payable ; but in case of a life annuity this is not so. 
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SUPFLSMSNTABT NOTE BY Mb. McKeKZIE OK THE APPLICATION 
OF THE FaCTOBS TO LiFE-AnKUITY-YaLIJES AND ASSUBAKCE 

Pbehivms. 

It has been objected that the factors are not suited for these 
applications, since in the preceding pai)er no account is taken of any 
portion the annuitant may live to receive during the year in which 
he ^es. The factors, as there applied, transform the yearly annuity- 
▼alues into their exact equivalents for fractional intervals of a year, 
and the premiums thereby obtained are also the exact equivalents of 
the yearly ones; so that the annuitant, in the case under consideration, 
being the life ofEce, would have received to the end of the year 
preceding death the fractional payments necessary to provide for the 
assurance, — as it would, in fact, have received were the premiums 
paid yearly ; and any further payments received during the year in 
which death happens would be surplus, which, under the more usual 
conditions of assurance, would be retiu-nable in the shape of increased 
benefit to the assured. To obviate the objection, however, I proceed 
to apply corrections to the factors, which, without asserting these 
are the best which could be chosen, give very close results, with equal 
facility of application to any table of mortality for which yearly 
annnity-values have been computed. It is to be noted that the 
fractional premiums, as found by means of the factors, the interest 
being convertible yearly, will be somewhat greater than those with 
which they are to be compared, where interest is convertible at the 
sam^e intervals. Reducing the factors to De Moivre's form, by 
dividing each by its own interval, or, better, subtracting from the 
l<^arithmic factors the logarithms of their respective intervals, and, 
in the ease of half-yearly factors adding one-half, quarterly factors 
three-quarters, and monthly factors eleven-twelfths of the remainders 
so obtained, to the logarithmic factors, and taking out the natural 
numbers, we render the factors better adapted to the finding of 
assurance premiums for these intervals. The factors at 8 per-cent 
80 corrected are, half-yearly 2022375, quarterly 4078593, and 
monthly 12*31654. Taking the same examples as in the paper, and 
substituting in the operations the factors corrected, as above g^ven, 
we obtain, for 



Half-yearly premiums at age 80 -010676 
Dr. Farr's „ „ „ -010606 



y> 



At age 40 -014469 
Dr. Farr's -014336 



Difference 



-000069. 



Quarterly premiums at age 80 '005368 
Dr. Farr*8 005361 



Difference 



» 



Difference -000133. 

At age 40 -007302 
Dr. Farr's 007241 



•000017. 



Monthly premium at age 80 001985 
Mr. Ansell's '001964 



»} 



Difference -000061. 

At age 40 002695 
Mr. Ansell's -002645 



Difference 



-000021. 



Difference '000050. 
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A further proof of the correspondence of thesa premiums with 
those given in Dr. Farr's and Mr. Ansell's works, may be obtained 
by computing the times in which thej will respectively amount to 
the sums assured. I find the durations to be — 

At age 30, Half-years, Dr. Farr's 68*616 equal to 29*308 years. 
„ „ By factors 68*607 „ 29*254 „ 

At age 40, „ Dr. Farr's 47-686 „ 23*793 „ 

„ „ By factors " 47*369 „ 23-684 „ 

At age 30, Quarters, Dr. Farr's 116-676 „ 29*169 „ 
„ „ By factors 116-857 „ 29*214 „ 

At age 40, „ Dr. Farr's "94*684 „ 23-658 „ 

„ „ By factors 94*359 „ 28*690 „ 

At age 30, Months, Mr. Ansell's 327*629 „ 27*302 „ 
„ „ By factors 327*256 „ 27*271 „ 

At age 40, „ Mr. Ansell's 266120 „ 22*176 „ 

„ „ By factors 263*294 „ 21*941 „ 

The operation of correcting the factors is as follows : — 

3 per-cent Yearly Interest. 

HAUP-YBARLir. Quarterly. Mohtblt. 

Log factor =0*30425,12 Log factor =0*60688,88 Log factor =1*08608»07 
—log 2=0*30103,00 —log 4=0-60206,00 —log 12=1*07918,12 

i of 0-00322,12 i of 0*00482,88 H of 000589,95 

=0*00161,06 =0*00362,16 =0W640,79 

-1-0*30426,12 +0*6068838 +1*08508,07 



Corrected Kg 3 Corrected K.^^^^ Corrected Kg^ 

log factor) log factor j log factor) 

Numher 2-022376 Nuinher 4*078698 Number 12*31654 
being the factors corrected for life-annuity-yalues. 



On the Rates of Fatal Accidents in various Occupations. By 
William J. H. Whittall, F.LA., of the Clerical, Medical, 
and General Life Assurance Society. 

[Bead before the Institute, 2 Jan. 1882.] 

XHE rapid growth of Accident Assurance^ the passing of the 
Employers' Liability Act^ and the periodically recurring discussions 
respecting schemes for a National Accident Fund^ have created a 
demand for statistics on the subject of accidents^ which cannot be 
said to have been satisfied. 
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The Tables given in this paper are believed to be unique as 
regards this country. The object of their compilation was to show 
the Rates of Fatal Accidents in various occupations. They are 
baaed upon a comparison of the male population in each occupation 
in England and Wales^ as enumerated at the Census of 1871^ with 
the average of the number of the violent deaths occurring to male 
persons following that occupation in England and Wales during 
the three years, 1870, 1871 and 1872. For the extraction of the 
particulars relating to these deaths from the records of the General 
Register OfBce, special permission was obtained by Dr. Fan* ; and 
it is with his cordial approval that the facts are now laid before the 
members of the Institute. 

The Census of 1871 was taken on the 3rd April of that year. 
The population enumerated was therefore slightly in excess of the 
mean population to which the average of the deaths for the years 
1870, 1871 and 1872 would have reference. The diflFerence 
would, however, be slight; and for the present purpose it was 
thought that the population as enumerated might be considered 
suitable. 

As the subject of accidents to children formed no part of the 
present investigation, all accidents occurring under 10 years of age 
were disregarded, the population being, of course, similarly treated. 
To make the investigation complete, the whole of the deaths were 
classified with respect to age ; but as the figures for several of the 
occupations are small, it was not considered desirable to present 
the whole of the facts in this respect. The influence of age on 
accidents is, however, treated for the more numerous occupations 
further on. 

Besides all accidents occurring under 10 years of age, the 
deaths from exposure to cold, homicide, and suicide and executions, 
were excluded. Mr. Walford, in his paper on Fatal Accidents 
read before the Statistical Society in February last, states that in 
order to give the returns of the Registrar-General practical value 
it is necessary to exclude, besides the deaths from the causes just 
mentioned, the deaths from sunstroke and lightning, and also all 
the deaths from "violence not otherwise classed^*. With regard 
to the deaths from sunstroke and lightning, it depends mainly 
upon the special object of an investigation whether they should be 
excluded. Perhaps it would have been better in the present 
instance if such had been the case. An examination, however, of 
the details of the deaths from " violence not otherwise classed '', 
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does not suggest to me the desirability of excluding these also ^. 
On the other hand^ I should think that a large number of the 
deaths resulting from poisons^ which seem to be retained by Mr. 
Walford^ would not be generally regarded as " accidents ", To 
form an idea of how these various causes may influence the 
results^ I give the following statement of the deaths affected by 
them : — 



0au8« of Death. 


1870. 


1871. 


1872. 


Total. 


Sunstroke 
Liffhtning 
Poisons (all) . 


69 

12 

182 


47 

23 

165 


57 

85 

169 


178 

70 

516 


Total . 


263 


235 

4 


261 


759 



Many of these deaths are no doubt legitimately included, and 
the remainder are not likely to cause the risk of accident to be 
overstated ; for there are counteracting influences at work. For 
example, large numbers of deaths are known to occur which might 
be distinctly traced to the effects of accidents which happened 
some time previously, but which are not registered as caused 
by them. 

The total number of deaths classified is 25,455. An examina- 
tion of the Registrar-General's reports for the years 1870, 1871 
and 1872 gives the following results: — 



Tear. 


Total Accidents 

(exclosive of 

Ezposare to Cold, 

Homicide. Suicide, 

and Executions). 


Do. 

(under 10 vwn 

of ageX 


Balance. 


1870 
1871 
1872 


10,828 
11,225 
11,664 


2,772 
2,857 
2,807 


8,051 
8,868 
8,857 


Total . 


83,712 


8,436 


25,276 



* The greater number of the adult deaths claanfled under "Violence not 
othenou0 classed" are a8cril)ed to " Accident (not otherwise described) ", "Han- 
slaughter (manner not stated)" and "Injury (manner not stated)" — ^most of 
which it is probably right to retain. Some which are ascribed to " Murder and 
Suicide (manner not stated) ", should be excluded, but they are Tcry few in 
number. 
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It would ^m this appear that the number of deaths included 
in the present abstract is too great by 179 ; but the explanation is 
that in making the classification all cases of manslaughter were 
not rigorously excluded. Where^ notwithstanding a verdict of man- 
slaughter, the crimes did not appear to have been wilful, and were 
thus in the nature of accidents to the victims, the deaths caused by 
them were included. Many instances in which this might be the 
case will suggest themselves. The majority of them were in con- 
nection with mines and railways. 

The fact that almost every one of the deaths was the subject of 
a coroner's inquest, is suggestive of care in their registration ; and 
their classification has been made on exactly the same lines as the 
classification of occupations in the Census. As a preliminary test 
as to whether correctness has resulted, we may criticize the number 
of deaths constituting what may be called the *' residuum '', i.e., 
those which were insufficiently described to be placed to any definite 
occupation, and compare them with the population which was 
similarly disposed of in the Census. First, then, it was found that 
4,426 deaths were placed to " general labourer (branch undefined)" ; 
and the population so described at the Census being 509,010, this 
would give an average annual death rate from accidents of 29 per 
10,000. This is no doubt excessive ; but, as will be seen further 
on, it is possible to surmise with probable correctness the occupa- 
tions over which these surplus deaths should have been distributed. 
It was further found that there were 1,604 deaths which it was 
necessary to place to " no stated occupation " ; the population so 
described in the Census being 157,490. This would give an 
average annual rate per 10,000 of 33*9, which is possibly too high. 
But assuming that the real rate applicable here is as low as 15 per 
10,000, there would only remain a surplus of 895 deaths to be 
accounted for. With the exception, then, of some such small 
residuum, all the deaths may be said to have been classified. Con- 
sidering the nature and extent of the investigation, this cannot be 
considered unsatisfactory. 

A small proportion of the deaths classified are not included 
in the tables, as they belong to obscure occupations, where the 
smallness of the numbers involved renders them scarcely worthy 
of notice. 

In Table No. I have been included all the results where neither 
the nature of the occupations nor the results themselves suggested 
any disturbing influence. 

o 2 
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Table I. — Showing^ for various Oeeupatiom^ the number of Fatal 
Accidents in £ngland and Wales in the years 1870, 1871 and 
1872 ; the Population in England and Wales, as enumerated at 
the Census oflWIl; and the Rate of Fatal Accidents. 





Fatal Accidents in 




Average 




Occupation. 










Population, 

isn. 


Annual 

Rate 
of Fatal 










Total 


Remarks. 




1870. 


1871. 
8 


1872. 
7 


of 
the 3 
rears. 




Accidents 
per 10,000. 




Aothor, &c.; Student . 


8 


28 


61,086 


1-8 




Aocoimtant 


1 


8 


1 


5 


9,882 


1-7 




Protestant Minister 


1 


■ ■ ■ 


4 


5 


9,264 


1-8 




Locksmith 


4 


■ ■ ■ 


■ • • 


4 


7,164 


1-9 




Nurseryman, &c 


• ■ 


• • • 


8 


8 


5,113 


20 




Bookseller; Stationer 


2 


3 


4 


9 


15,186 


20 




Pawnbroker 


1 


1 


2 


4 


6,419 


21 




Tool Makei>-Dealer 


1 


8 


1 


5 


7,458 


2-2 




Whit^raith 


2 


f • • 


4 


6 


8,588 


2*3 




Hosier; Haberdasher 


■ ■ • 


1 


2 


8 


4^381 


2-8 




Wine and Spirit Merchant 
Com, &c.. Merchant 


2 


5 


1 


8 


10,576 


2-5 




6 


• • ■ 


4 


9 


11,963 


2-5 




Schoolmaster .... 


5 


6 


4 


15 


19,378 


2-6 




Clergyman 


8 


12 


2 


17 


20,694 


2-7 




Glass Manufacture 


4 


6 


6 


16 


18,388 


2-9 




Grocer; Tea Dealer 


26 


26 


24 


76 


88,591 


2-9 




Medical Student — Assistant . 


• ■ • 


1 


8 


4 


4,514 


8-0 




Draper; Mercer .... 


18 


17 


21 


51 


55,224 


81 




Auctioneer; Appraiser; Valuer 


1 


8 


2 


6 


6,247 


3-2 




Wood Turner; Worker . 


• • • 


4 


8 


7 


7,206 


3*2 




Box and Packing-case Maker . 


2 


8 


• • • 


5 


5,218 


3*2 




Watch and Clock Maker 


5 


7 


9 


21 


20,693 


3*4 




Provision Curer — Dealer 


2 


4 


8 


9 


8,770 


8*4 




Goldsmith; Silversmith . 


4 


11 


6 


20 


19,007 


8-5 




Tobacco, Cigar, &c.. Manufacturer . 


4 


3 


4 


11 


10,109 


8*6 




Earthenware Manufacture 


10 


7 


14 


81 


29,085 


8-6 




Telegraph Service (not Government) 


1 


1 


1 


8 


2,707 


3-7 


iDclndes Co.'a 


Printer 


13 


16 


20 


49 


44,066 


3-7 


Btafn at 
Offices Ac. 


Coach Maker 


12 


6 


7 


25 


22,706 


8*7 


^^aaA\^^9| %lfc^^ 


Teacher; Professor; Lecturer 


10 


• • • 


6 


15 


13,349 


8*7 




Glove Maker 


1 


2 


• ■ • 


3 


2,726 


8*7 




Baker 


23 


10 


25 


58 


52,724 


8-7 




Currier 


4 


6 


6 


16 


14^208 


8*8 




Calico — Cotton Printer . 


5 


8 


2 


10 


8,710 


8-8 




Domestic Servant (General) . 


82 


28 


20 


80 


68,835 


8-9 




Manufacturing Chemist . 
Ironmonger, £c 


8 


■ • • 


5 


18 


10,735 


40 




6 


6 


8 


19 


15,868 


40 




Earthenware, &c., Dealer 


1 


• • ■ 


8 


4 


8,336 


4*0 




Chemist; Druggist 


8 


9 


7 


24 


19,190 


4*2 




Sur\'evor; Estate Agent 
Warehouseman (not Manchester) 


4 


3 


3 


10 


7.904 


4*2 




11 


16 


21 


47 


86,804 


4*8 




Tailor 


51 


41 


51 


143 


111,843 


4*8 




Shoe and Boot Maker 


80 


90 


87 


267 


197,466 


4*3 


• 


Cabinet Maker; Upholsterer . 


21 


27 


15 


63 


48,328 


4*4 




Spinning andWcaving Machine Makei 
Tallow Chandler .... 


6 


4 


3 


13 


9,631 


4*6 




2 


2 


1 


5 


8,710 


4-6 




Hair Dresser 


2 


9 


5 


16 


11,886 


4*6 




Agricultural Implement, kc.. Maker 
FUe Maker—Dealer 


1 


2 


2 


5 


3,617 


4*6 




4 


2 


5 


11 


7,978 


4*6 




Hn-plate Worker, Ac . . . 


5 


12 


6 


28 


16,489 


4*7 




Barrister 


1 


2 


2 


5 


8^80 


47 
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Table I — (continued). 



ABefaor-smith ; Qiftin-niiith 



Goameraal Tzmyeller 



Wood Curer; Gwer and Gilder 
CEril 



Saddler; Hamew— Wbip Maker 
FeUmonger .... 
Coffee Hoiue Keeper 



Stone Merchant — Cutter — Drewer 

Brmh — Bitxnn Maker 

Cifil Engineer 

Woodinan • ■ • . 

Gas Works Serviee 



Gammerdal derk . 



Police 

KoBcian ; Mnsic Master 
Knocal Inatmment Maker — Dealer 
Bqtcr Manufacture 
Hatter ; Hat Manufacture 
Homkeeper; Groom; Jockey 



Kunicipal — Fuish — Union Officer 
Wire Worker— Drawer . 



Coach — Omnibus — Cab Owner 

loreiy Stable Keeper . 
Pkinter (Artist) 
Wheelwrig^ .... 
Navy Pensioner 

Boilder 

Broker; Agent; Factor. 
Rope — Cord MsJcer 
Ginger Beer^ Ac, Manufacture 
Chiirch — Chapel Officer 
Undertaker .... 

Cooper 

Blacksmith .... 

Actor 

Furrier ; Veterinary Surgeon . 
Greengrocer .... 
Shopkeeper (branch undefined) 
Ina — Hotel Keeper; Beerseller 
Ifessenger ; Porter ; Errand Boy 

Miller ^ 

Cutler 



Fatal Accidents in 



1870. 



2 

1 
7 

11 
2 
1 
6 

14 
4 
6 
7 
8 



2 
5 
3 
8 

4 

7 

89 

55 

8 

19 

8 

8 

8 

10 

34 

• • ■ 

7 
6 
6 

4 
2 

10 
5 

18 
9 
9 
1 
5 

• • ■ 

14 
73 
4 
6 
14 
19 
58 
78 
21 
13 



1871. 



8 
2 

7 
9 
1 
4 
4 
11 
5 
8 
8 
9 
1 
8 
6 
3 
3 
2 
5 
9 
86 
71 
8 
13 
10 
5 
8 
4 
36 
4 
8 
8 
4 

8 

5 

22 

7 

14 

16 

5 

3 

2 

2 

18 

77 

■ ■ ■ 

4 

15 
12 
55 
87 
24 
18 



1878. 



Total 

of 
the 8 
Tears. 



1 
8 

9 
6 
1 
7 
4 

12 
6 
4 
3 

15 
2 
2 
6 
1 
7 
3 
3 
5 

41 

73 
4 

15 
6 
4 
1 
9 

36 
2 
4 
4 
4 

3 
2 

15 

2 

13 

22 

7 
1 

• • • 

1 

8 
85 

» • V 

4 
11 
16 
47 
85 
20 

7 



6 

6 
23 
26 

4 
12 
14 
37 
15 
18 
13 
32 

8 

5 
14 

9 
13 

8 

12 

21 

116 

199 

20 

47 

19 

12 

17 

23 

109 

16 
19 

13 

14 

10 

9 

56 

14 

45 

46 

21 

5 

7 

3 

40 

235 

4 

14 

40 

47 

160 

250 

65 

88 



Population, 
1871. 



4,249 

4,153 

15,903 

17,895 

2,781 

8,407 

9,784 

25,717 

10,274 

12,339 

8,624 

21,179 

2,017 

3,305 

9,386 

6,046 

8,539 

5,234 

7,855 

13,561 

72,675 

124,787 

12,314 

28,330 

11,576 

7,156 

10,131 

13,533 

63,878 

3,442 

10,956 

7,433 

7,917 

5,558 

5,005 

80,310 

7,296 

23,128 

22,776 

10,192 

2,409 

3,378 

1,459 

19,240 

112,027 

1,899 

6,650 

18,980 

22,208 

74,367 

115,773 

29,715 

17,059 



Average 
Annou 

Rata 

of Fatal 

Accidents 

per 10,000. 



4-7 
4*8 
4-8 
4*8 
4-8 
4-8 
4-8 
4-8 
4-9 
4*9 
50 
50 
5-0 
50 
50 
50 
51 
51 
51 
5*2 
5-3 
5-3 
6-4 
5-5 
5-5 
5-6 
5-6 
57 
5-7 
5-8 
5-8 
5-8 
5-9 

60 
60 
6-2 
6-4 
6-5 
6-7 
6-9 
6-9 
6-9 
6-9 
6-9 
70 
70 
70 
7-0 
71 
7-2 
72 
7-3 
7-4 



Remarks. 



Includes Law. 
Banking, and 
Insurance 
Clerks. 



Includes Domes- 
tic Groom. 

Includes Fire 
Engine Ser 
vice. 



Includes Govmt 
Messengers, 
Letter Caniers. 
and Dockyard 
WorkmesL 



194 



On the Rates of Fatal Accidents 
Table I — (continued). 



[Jan. 



Oocnpation. 



Trimming Maker — Dealer 
Carpenter; Joiner . 
Coal Merchant — Dealer . 
Farmer ; Ghuzier (and Belatives) 
Gun and Ammunition Manufactures 
Farm Bailiff .... 
Chimney Sweeper . 
Qas Fitter .... 
Cork Cutter .... 
Cowkeeper ; Milkseller . 

Brewer 

Cook (not Domestic Servant) . 
Millwright .... 
Fishmonger .... 
Toll Collector ; Turnpike Keeper 
(Gamekeeper .... 
Lodging House Keeper . 
Poulterer .... 
Mason ; Pavior 
Plasterer .... 
Ship Builder ; Shipwright 
Soap Boiler .... 
Scavenger .... 
Physidan; Surgeon 
Agricultural Machine Proprieto: 

Attendant .... 
Cellarman .... 
Fancy Goods Manufacturer — Dealer 
Cotton, &c., Warehouseman — ^Dealer 
Slater; Tiler . 
button Maker 
Meter ; Weigher . 
Hay — Straw Dealer 
Coiurt Guard ; Royal Navy Reserve 
Rat Catcher .... 
Coke Burner — Dealer 
Sawyer ..... 
Coadmian; Cabman; Flyman 
Waterworks Service ; Well Sinker 
Plumber; Painter; Glazier 
Steam Navigation Service 
Huckster; Costermonger 
Cattle, &c,. Salesman 
Inn — Hotel Servant 
Horse Proprietor — Dealer 
Army Pensioner 
HawKer ; Pedlar 
Thatcher 

Salt Manufacture . 
Dyer; Scourer 
Rag Gatherer — Dealer 
PUot . 

Barge — Lighter — Waterman 
Horse Breaker 



Fatal Aocidents in 



1870. 



2 

150 

6 

243 

11 
8 
6 
5 
2 
9 

18 
4 
6 

11 
2 

11 
4 

■ • • 

88 
20 
38 
1 
3 
13 

3 

4 
7 
4 
9 



6 
3 
4 
6 

25 

52 

3 

115 

11 

3 

3 

36 

1 

12 

43 

12 

2 

17 

4 

8 

114 

6 



1871. 



157 
13 

213 
14 
18 
5 
12 
2 
12 
21 

• * • 

7 

15 

3 

10 

3 

6 

77 

26 

28 

2 

2 

14 

1 
1 

... 
5 
2 
2 
2 
1 
5 
1 
4 

28 

74 

1 

113 

6 

3 

11 

40 
2 
8 

47 
1 
7 

23 
7 

12 

119 

8 



1872. 



Total 

of 

the 3 

Yean. 



1 

177 

18 

261 

6 

14 

5 

4 

1 

20 

25 

2 

6 

6 

1 

11 

3 

1 

96 

20 

45 

2 

1 

14 

2 

4 
1 

• • ■ 

7 
5 
2 
2 
4 

■ • • 

4 
38 
57 

7 
128 

6 

6 
10 
42 

3 
13 
35 

6 

3 
20 

5 

5 
121 

4 



3 

484 
36 
717 
31 
40 
15 
21 

5 
41 
64 

6 
19 
32 

6 
32 
10 

7 

261 

66 

111 

5 

6 
41 

6 

9 

8 

9 

18 

7 

4 

8 

12 

5 

13 

91 

183 

11 

356 

23 

12 

24 

118 

6 

33 

125 

19 

12 

60 

16 

25 

354 

18 



Population, 
1871. 



Average 

Annual 

Rate 

of Fatal 

Accidents 

per 10,000. 



1,356 

205,615 

15,300 

302,035 

13,008 

16,476 

6,206 

8,615 

2,021 

16,435 

25,562 

2,375 

7,538 

12,642 

2,365 

12,426 

3,840 

2.696 

98,119 

24,575 

40,606 

1,819 

2,174 

14,684 

2,152 
3,205 
2,849 
3,214 
6,078 
2,370 
1,324 
2,566 
3,775 
1,552 
3,998 

27,944 

66,171 
3,326 
103,380 
6,608 
3,350 
5,835 

28,534 
1,364 
7.442 

27,277 
4,143 
2,553 

11,394 
2,312 
3,039 

29,445 
1,253 



7-4 
7-8 
7-8 
7-9 
7-9 
81 
81 
8-1 
8-2 
8-3 
8-4 
8-4 
8*4 
8-4 
8-5 
8-6 
8-7 
8-7 
8-9 
90 
91 
9-2 
9*2 
9-3 

9*3 
9-4 
9*4 
9-4 
9-9 
9-9 
10-1 
10-4 
10-6 
10-7 
10-8 
10-9 
10-9 
110 
11-5 
11-6 
11-9 
13-7 
13-8 
14-7 
14-8 
15-3 
16-3 
15-7 
17-6 
23-0 
27-4 
401 
47-9 



RemarkB. 



Includes Gun- 
powder 
nufactore. 



Includes Uarble 
Mason. 



Includes Domes- 
tic Coachman. 



Includes Co.'s 
servants on 
land. 

Includes Club 
and Dining- 
room Waiters. 
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I think that the majority of the results in this table are correct^ 
80 far as they go. It is not contended that the " average rate ^' 
which has been placed against each occupation shows the exact rate 
of fatal accidents applicable to persons of that occupation. There 
are several reasons against this : — 

1. There is a possibility of errors in the observations. 

2. The years under observation may not have been average 

years. 

3. In many occupations the rate of fatal accidents is constantly 

changing^ owing to alterations in methods of manufac- 
turings &c. 

4. In a great number of occupations^ the numbers exposed to 

risk are so small that they cannot be said to possess any 
ascertainable rate of fatal accidents at all. 

Neverthdeas^ I thought it well to present the table as it is. A 
rough guide is sometimes better than no guide at all. If there are 
in it several steps in the dark^ they are at least steps in the direc- 
tion of light. 

In Table II are contained similar particulars to those in 
Table I for some occupations as to which it would be well to offer 
a few words of explanation. 

Table II. — Showing similar Particulars to Table J, for certain 

Occupations requiring explanation. 



Occupation. 



BraM Mannfactme 

Army Officer .... 

Needle Manufacture 

Textile Mannfactarea 

Iron Mannfactftre . 

Soldier 

Navy Officer .... 

Engine — Machine Maker 

Qoarrier .... 

Fisherman .... 

Pin Mannfactoxe 

Bailway Employees : — 
Eng:ine Driver ; Stoker 
Clerk ; Station Master 
Attendant; Servant . 
Platelayer; Lahonrer; Nawy 

Total Bailway Employees 



Fatal Accidents In 



1870. 



4 

a 
1 

154 

108 

40 

3 

96 

88 

44 

1 

64 

18 

194 

225 

496 



1871. 



6 
8 

• • • 

182 
96 
64 

2 
90 
80 
50 

1 

79 

20 

234 

334 

667 



1878. 



8 

4 

2 

187 

97 

56 

5 

87 

78 

48 



65 

14 

303 

838 

720 



Total 

of 
the 8 
Yean. 



13 

10 

3 

523 

296 

160 

10 

278 

246 

137 

2 

208 

47 

731 

897 

1883 



Population, 
1871. 



20,974 

9,842 

2,614 

379,122 

178,047 

70,675 

4,362 

106,484 

40,636 

20,672 

284 

13,715 
22,082 
48,827 
45,064 

129,688 



Average 

Annnu 

Rate 

of Fktal 

Accidents 

per 10,000. 



21 

8-4 

8*8 

4*6 

6-6 

71 

7-6 

8-6 

20-2 

221 

23-5 

50-6 

71 

49-9 

66-4 
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Brass Manufacture, — Here the population includes^ besides 
brass moulders and founders^ all engaged in the manufacture of 
brass fittings ; and other divisions in which the risk of accident 
would vary. 

Army Officer. — Several of these may have been otherwise 
described. It is also doubtful whether the number enumerated 
nearly represents the average number resident in the country. 

Needle and Pin Manufactures. — The smallness of the numbers 
observed hei'e, of course renders the results unreliable ; but they 
seemed so curious that I have included them. 

Textile Manufactures. — ^The various textile manufactures were 
found to be so difficult to distinguish^ that it was ultimately found 
necessary to combine the figures relating to the whole of them. 
There did not appear to be Buyprimd facie reason for supposing that 
the rate of accidents would vary very much in these manufactures. 

Iran Manufacture. — Although a great many of the deaths 
under this head were in connection with smelting and puddling^ 
the figures furnish no clue to the rate of accidents among those 
employed in the actual manufacture of iron ; as the population 
under this description also includes iron founders and others 
working in manufactured iron^ and even iron and iron ore merchants 
and agents. 

Soldier. — As the soldiers kept in the country at one time 
would probably not vary very considerably^ the resultant rate is 
fairly reliable. 

Navy Officer. — It is very improbable that the Census enumera- 
tion would give the average number of naval officers resident in 
the country. Some^ also, may be returned under other descriptions. 

Engine-machine Maker. — It is possible that some of the 
occupations included under this head may have been confused 
with some branches included under " Iron Manufacture '^ 

Quarrier. — In very few cases was the description of quarrier 
stated in the Registers. It was therefore found necessary to 
combine with the stone quarriers the less numerous cases of slate 
and limestone quarriers. 

Fisherman. — In this occupation the mortality is probably much 
understated. Only the cases where the bodies of drowned fishermen 
are recovered would be registered; and these would be a smaU 
proportion of the whole. 

Railways. — The annual rates brought out by the figures 
relating to railway employees look suspiciously large. Yet it is 
extremely unlikely that the number of deaths has been overstated, 
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althoagh at first sight this would be suggested by the Board of 
Trade Reports on Railway Accidents^ as the following comparison 
will show : — 



Tear. 


No. OF Railway Emplotseb kizxxd 
n Bnolaitd Ain> Walks. 


A« reported 

to the 

Board of Trade.* 


Aa extracted 

Aromthe 

ReglHters of Death. 


1870 
1871 
1872 
1873 
1874 
1875 


68 
164 
512 
620 
641 
629 


486 
667 
720 

• • • 

• • • 

• • • 



In noticing these figures, however^ it must be remembered 
that the Act requiring railway companies to report the deaths of 
their servants from accidents did not come into operation until the 
Ist November 1871, and that the Board of Trade Reports prior to 
1872 are therefore admittedly defective as regards the numbers of 
employees killed. It is very improbable that absolute correctness 
was suddenly arrived at in this respect in 1878^ or, indeed^ that 
the whole of the deaths traceable to accidents ever will be reported 
to the Board of Trade. It might well be, therefore, if the Board 
of Trade figures had been stated at the true amount suggested by 
the numbers, for the years 1873^ 1874 and 1875^ that they would 
not point to any large overstatement in the present results. 

With regard to the other factor — the exposed to risk — it will 
be seen from Table II that the total number of railway employees 
in England and Wales enumerated at the Census in 1871 was 
129,688. According to Lord Aberdeen's return, presented to 
Parliament in the autumn of 1874, the number of the officers and 
servants of the railway companies of England and Wales at the 
end of 1873 was 228,958. Of these, 33,651 are described as 
" Inspectors, Foremen and Artificers '\ If, as I assume, these are 
men employed in the manufacture and repair of engines and 
carriages, they would not be included in the Census populations 
quoted in Table II. The same remark doubtless applies to many 
of the 16,531 described in the return as '^ Miscellaneous '^ Making 
a deduction for these items, we have, say, 190,000 servants at the 
end of 1873, as returned by the companies, as against the 129,688 

* These do not agree with the nnxnhen of " Servants, &c." killed, as stated in 
the ''Miscellaneous Statistics" of the Board of Triple. The latter incliide 
TrespMsers, Suicidies^ &c, 
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returned in the Census in April 1871. Even if we allow for the 
increase in the number of railway employees which would take 
place between the dates of the two returns, we are left no 
alternative but to conclude that the railway populations as 
returned in the Census Reports are understated. The possible 
deficiency in this respect, however, would hardly be sufficient 
to account for the diflference between the rates arrived at in 
Table II and those obtained by Mr, Neison in his Report on 
the Rates of Accidents in Mines and Railways, issued last year, in 
which he found the fatal accidents among railway employees to vary 
from 25 per 10,000 on a passenger line, to 35 per 10,000 on a 
goods line. 

We have now to deal with the large number of deaths attri- 
buted to " General Labourer ", as previously referred to ; and the 
other occupations which are probably afiected by it. In Table 
No. Ill are given particulars, in the same form as before, for 
those occupations to which it is likely that some of the deaths 
classified under ^' General Labourer '' should have been placed. 

Table III. — Showing similar Particulars to Table I, for certain 
further Occupations requiring explanation. 



Occupation. 



Road Labourers 

Farm Servant (indoor) . 

Coal Heaver — Labourer . 

Shepherd (outdoor) 

Gaidrner 

Timber, &c.. Merchant — Dealer 

Bricklayer; Bricklayer's Labourer 

Brickmaker — Dealer 

Agricultural Labourer (outdoor) 

Harbour — Dock Service; Dock La 

bourer 

Canal and Inland Navigation Service 
Carman ; Carrier; Carter ; Drayman 

General Labourer (branch undefined) 



TOTAX 



Fatal Accidents in 



1870. 



1 
10 

9 
61 

5 

54 

22 

591 

46 

• ■ ■ 

195 
1,293 



2,287 



1871. 



1 

8 

48 

7 

70 

30 

611 

18 

4 

165 

1,540 



2,502 



1872. 



Total 

of 
the 3 
feum. 



41 

6 

59 

17 

598 

17 

7 

214 



2,561 



11 

25 
150 

1 
188 

69 
1,800 

81 

11 

574 



1,593 4,42( 509,010 



7,350 



Population, 
1871. 



Average 

Annual 

Rate 

of Fatal 

Accidents 

per 10,000. 



8,288 

134,157 

24,717 

23,823 

114,509 

12,004 

99,939 

36,163 ; 

761,362 I 

28,737 

3,128 

73,572 



1,828,909 



1-5 
3-6 
4-4 
50 
61 
6-4 
7-9 

9*4 
11-7 
260 

290 



13-4 



Includes Do- 
mestic Gar- 
dener. 



Almost all these occupations are of such a character that a 
person following it might have been described as a 'labourer '\ 
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There is^ moreoyer^ a decided appearance about the resultant rates 
of their being understated. This, it is true, does not apply to 
'^ carman, &c.^' ; but as, in the course of the investigation, it was 
found to be impossible to distinguish in rural districts between 
'' carters '^ and agricultural and other labourers, they have all been 
included in this table. . As a test whether the occupations given 
are sufficient to account for the large number of deaths registered 
as those of general labourers, the whole have been totalled ; and 
the resulting average rate of 13'4 per 10,000 would seem to show 
that they are. 

The rate of accidents among miners having been made the 
subject of special enquiry, the deaths were separately abstracted 





for each county. The results are 


tabulated in Table No. IS 


r 

• 




Table IV. — Shovnng similar Particulars to Table J, for the Coal 
Miners in each County in England and Wales, and for the 
Miners (other than Coal) in England and Wales. 




County. 


Fatal Accidents 
In 


Total in the 3 
Yean 1870.2. 


Population, 
1871. 


Annual 
Avenge 

Bate 

of Fatal 

Accidents 

per 10,000. 


1870. 


1871. 
11 

• ■ • 


1872. 


OriglnaL 


AcQwted. 


CflXSHISI — 

Coal Miners . 

Miners (other than Coal) 


18 

• • m 


16 
2 


45 
2 


45 
2 


3,704 

• • * 


40-5 

tee 




COB2rWAI.Ir~ 

Miners (other than Coal) 


41 


51 


47 


189 


139 


• • ■ 


a •-% 




CuiCBXIILAirB— 

Coal Miners . 

Miners (other than Coal) 


19 
24 


19 
19 


18 
15 


51 

58 


54 
55 


4,792 

• ■ • 


87-6 

••• 




Dkbbt— 

Coal Miners . 

Miners (other than Coal) 


26 

■ • ■ 


69 

1 


41 
4 


186 
5 


186 
5 


13,347 


340 

ee e 




Dbtokbhibe — 

Miners (other than Coal) 


4 


6 


10 


20 


20 


• • ■ 


• • e 




DintHAH — 

Coal Miners . 

Miners (other than Coal) 


151 
14 


127 

1 


159 
8 


487 
18 


447 
8 


45,783 

• • • 


82*5 

••• 




Gloucesteb — 
Coal Miners . 
Miners (other than Coal) 


8 
2 


8 

1 


11 
1 


27 
4 


81 

•• • 


8,686 

• • • 


28-4 




LAirCASHIBB — 
Coal Miners . 
Miners (other than Coal) 


288 
15 


182 
10 


215 
12 


685 
87 


668 

4 


49,484 


45-0 

■ • • 




LnoxsTXB— 

Coal Miners , 


18 


8 


6 


27 


27 


2,788 


82-8 
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Table IV — (continued). 



Goimtj. 


Fbtal Accidents 
in 


Total in the 3 
Tears 1870.1 


Population, 
1871. 


Annnal 

Average 
Bate 

of Fatal 
Aoeidenta 
per 10,000. 


1870. 


1871. 


1871 


OriglnaL 


A4iiutod. 


Lincoln— 

Miners (otiher than Coal) 


• • • 


1 


1 


2 


2 


• • 1 


••• 


MONKOUTH — 
Goal Miners . 
Miners (oUier than Coal) 


40 
6 


69 

• ■ • 


42 

t ■ • 


151 
6 


154 
2 


14,103 

• • • 


36*4 

••• 


NOBTH RlDINC^— 

Coal Miners . 

Miners (other than Coal) 


6 
24 


4 
21 


1 
27 


11 
72 


11 
72 


166 

••• 


222-2 

> ■ • 


NOBTHUXBBBLAND — 

Coal Miners . 

Miners (other than Coal) 


47 
2 


48 
1 


45 
6 


140 
9 


145 
4 


15,187 


31-8 

• • • 


NoBTH Walbs — 
Coal Bfiners . 
Miners (other than Coal) 


40 
8 


33 

1 


82 

12 


105 
21 


111 
15 


8,863 

• •• 


41-7 


NOTTINOHAK — 

Coal Miners • . • 


18 


17 


22 


67 


67 


10,900 


17-4 


Salop— 

Coal Miners . • • 
Miners (other than Coal) 


20 

1 


9 
3 


13 
12 


42 
16 


64 

4 


4^884 

• • ■ 


36-9 

••• 


S0MBB8BT— 

Coal Miners . 

Miners (other than Coal) 


4 
2 


14 
1 


9 
1 


27 

4 


29 
2 


6,608 

• > • 


17-6 

• • • 


South Walbb — 
Coal Miners . 
Miners (other than Coal) 


185 
9 


177 
9 


187 
20 


549 
88 


566 
21 


89,383 

••• 


47-9 


Stafps— 

Coal Miners . 

Miners (other than Coal) 


162 
9 


147 

7 


183 
6 


492 
22 


606 
8 


37,801 

• • • 


44-6 

• • • 


Wabwick — 

Coal Miners . 

Miners (other than Coal) 


6 

• t • 


5 
1 


7 

• ■ • 


18 
1 


19 

• • • 


2,234 

• ■ • 


28-3 

• • « 


Wbst Riding — 
Coal Miners . 
Miners (other than Coal) 


100 
3 


113 

• >• 


144 

7 


357 
10 


363 

4 


39,055 

••• 


31*0 

• • • 


W0BOB8TBB— 
Coal Miners . 
Miners (other than Coal) 


12 

• • • 


18 
1 


8 
2 


38 
3 


41 

■ • ■ 


2,698 

• ■ • 


50-7 

• • ■ 


England and Walbs — 
Coal Miners . 
Miners (other than Coal) 


U13 
163 


1,078 
135 


1,154 

188^ 


3,345 
486 


3,464 
367 


304,310 
66,285 


37-9 
18*5 



I 
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The column in this table in which some of the facts have been 
arbitrarily adjusted requires a word of explanation. In the original 
investigation it was endeavoured to distinguish, mainly by a con- 
sideration of the manner of death, between accidents caused in 
connection with the occupation, and those not so caused. In the 
case of the miners' deaths not occurring in connection with mines, 
a difficulty was found in satisfactorily distinguishing between coal 
and other miners ; but as there appeared no reason why in the 
cases of these deaths there should be any great difference in the 
rates for the two classes, the relative populations in each county 
were compared, and the arbitrary alterations appearing in the 
Table were made. 

The large number of miners returned at the Census as '' miner 
(branch undefined) '', makes it difficult to arrive satisfactorily at 
the number of coal-miners. But an examination of the numbers 
of the mining population in the several counties served to deter- 
mine pretty closely whether those " undefined " were coal-miners 
or otherwise. The total of the county coal-mining populations 
thus arrived at (S04,310), is taken as the coal-mining population 
of the whole country. The total miners of all descriptions 
enumerated at the Census being 370,595, the difference (66,285), 
after deducting the 304,810 coal-miners, is assumed to be the 
population among whom the 367 deaths attributed to '^ miners 
(other than coal) " occurred. The deaths under the latter head 
being few in number, the rates have not been inserted for the 
separate counties. The coal-mining population in many counties 
being small, too much weight is not to be attached to every result. 
The rate figuring against the North Riding of Yorkshire, for 
instance, is evidently abnormal. 

It will be noticed that the total fatal accidents to coal-miners 
for the three years under observation were 3,464. Of these, 2,968 
were traced as being due to the nature of the occupation. This 
would give an annual average rate of 32*5 per 10,000 as the 
measure of the occupation risk. The total of the violent deaths 
returned in the Registrar-General's Annual Reports for 1870, 1871, 
and 1872, as connected with coal mines, is 2,970; and this would 
seem to confirm the results of the present investigation, as far as 
r^ards the deaths. 

I have endeavoured to compare these results with those arrived 
at by Mr. Neison in his report previously referred to, based upon 
the returns of the Inspectors of Mines. According to the latter, 
the number of lives lost in the coal and ironstone mines of Great 
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Britain in the years 1870, 1871, and 1872, was 3,286 : deducting 
304 for the Scotch mines included in the return, there remain 
2,982 as the number reported for England and Wales. The 
number of persons estimated by the Inspectors to be employed in 
or about the coal and ironstone mines of Great Britain in 1871, 
was 370,881. Deducting 46,861 for Scotland, there remain 
324,020 for England and Wales. 2,982 fatal accidents in three 
years among this number would give an average annual rate of 
307 per 10,000, as compared with the 32*5 per 10,000 given by 
the present experience. 

As the " ironstone-miners " returned by the Inspectors are not 
included in the ^' coal-miners " returned in the Registrar-Oeneral^s 
and the Census Reports, we have an explanation of the larger 
number of deaths and exposed to risk which the Inspectors' reports 
exhibit; and a lighter mortality among the ironstone-miners might 
perhaps account for the slight difference in the two resulting rates. 

I have already referred to an endeavour which was made in the 
present investigation to distinguish between deaths which arose in 
connection with the occupation of the deceased and deaths not so 
occasioned. In Table No. V (p. 203) are given the results of this 
endeavour as regards the most important occupations. 

As a comparison of the manner of death with the nature of the 
occupation was in a great number of the cases the only mode of 
deciding in which category a death should be placed, it will be 
imagined that considerable difficulty was frequently experienced in 
the course of classifying the data upon which this table is based. 
Still, the ample particulars which, in the case of most of the deaths, 
appear in the Registers, combined vrith the care and judgment 
which was exercised in the classification, have, it is hoped, secured 
to this table an amount of reliability which may enable it to prove 
of service. Perhaps most of the percentages exhibited in the table 
only confirm our preconceived ideas of the relative danger of the 
various occupations ; but I think it is worthy of special note that 
miners are, according to the facts here shown, subject to so con- 
siderable a fatality independently of their occupation. 

It was mentioned at the commencement of the paper that the 
whole of the data were classified according to ages. This was 
originally done in groups of ten years each. Some of the results 
obtained through having the deaths thus classified, have been 
embodied in Table VI (pp. 204, 205). 
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Table V. — Showing^ for certain Oeeupations, the number of Fatal 
Accidents considered to have occurred in England and Wales 
during the gears 1870, 1871 and 1872, in coknectioh with 
THE OcciTPATiON', and the percentages thereof on the Total 
Fatal Accidents. 



OeenpatioxL 



Agricaltural Labourer 
Barge— Lighter — ^Waterman 

Blackraiith 

Brewer >•.... 

Bricklayer 

Brickmaker — Dealer .... 

Bulder 

Batcher 

Camiaii; Carrier; Carter; Drayman . 
Carpenter; Joiner .... 
Coachman ; Cabman ; Flyman 

Cooper 

Cowkeeper; AGlkBeller 

Cntler 

Dock Service 

Dyer; Scourer 

Earthenware Manufacture . 
Engine and Machine Maker 

i^herman 

Qaa Works Service .... 
G^eral Labourer .... 
OlaM Manufacture .... 
Qroom; Honekeeper; Jockey . 
Hone Breaker ..... 

Mason; Pavior 

IfiUer 

Millwright 

mnetCCoBX) 

Miner (other than Coal) 

Paper Manufactore .... 

Pilot 

Phuterer 

Plumber; Painter; Glazier 

Printer 

Qnarrier 

Railway Attendant — Servant 
Railway Engine Driver — Stoker . 
Railway Labourer — Platelayer — Navvy 

Sawyer 

Shipbnilder; Shipwright . 

Sbter; Tiler 

Thatcher 

Wheelwright 



Fatal 

Accidents, 

1870-2, in 

connection 

with Occa* 

pation. 



a) 

1,281 

291 

84 

31 

128 

29 

22 

25 

434 

256 

103 

9 

15 

12 

66 

30 

13 

165 

110 

13 

2,395 

3 

53 

14 

146 

43 

13 

2,968 

315 

9 

17 

42 

238 

7 

208 

697 

206 

828 

47 

91 

12 

16 

18 



Total 

Fatal 

Accidents, 

1870-72. 



(8) 

1,800 

354 

235 

64 

183 

69 

45 

116 

574 

484 

183 

40 

41 

38 

81 

60 

31 

273 

137 

21 

4,426 

16 

109 

18 

261 

65 

19 

3,464 

367 

17 

25 

66 

856 

49 

246 

731 

208 

897 

91 

111 

18 

19 

56 



Per- 
centage of 
(1) on (2>. 



68-4 
82-2 
35-7 
48-4 
67-2 
420 
48-9 
21*6 
76-6 
52-9 
56-3 
22-5 
36*6 
81-6 
81-5 
60-0 
41-9 
60*4 
80-3 
61-9 
541 
18-8 
48-6 
77-8 
55-9 
66-2 
68-4 
85-7 
85-8 
52-9 
68-0 
63-6 
66-9 
14-3 
84-6 
95-3 
990 
92-3 
51-6 
82-0 
66-7 
84-2 
82-1 
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Table VI. — Shomng^for certain Occupations and Grotips of Ages^ 
the Population in 1871, and the Fatal Accidents in 1870, 1871 
and 1872, in England and Wales ; and the Rates of Fatal 
Accidents: — distinguishing those considered to have occurred in 
connection with the Occupation. 









Fatal Acoidknts, 


AVB&AOS Anvual 


Occupation. 


Age. 


Popula- 
tion, 1871. 


1870-2. 


Bate P£B 


, 10,000. 


In 




In 










connection 


Total. 


connection 


Total. 








with Occu- 


with Occu- 








pation. 




pation. 




, 


10-20 


.1,355 


29 


29 


71-3 


71-3 


Railway Engine Driver; j 


20-45 


10,931 


163 


165 


46-7 


47-3 


Stoker . . .1 


45-65 


1,380 


23 


23 


65-6 


55-6 


^ 


65-upwdB. 


49 


1 


1 


68-0 


680 


. 


10-20 


6,270 


93 


96 


58-8 


60-7 


Railway Attendant ; Ser- \ 


20-45 


36,178 


498 


516 


45-9 


47-5 


vant . . . .J 


46-65 


6,734 


88 


98 


43-6 


48-5 


^ 


65-upwdJS. 


645 


18 


21 


93-0 


108-5 


. 


10-20 


9,640 


34 


46 


11-8 


16-9 


Carman; Carrier; Carter; \ 


20-46 


44,905 


222 


289 


16-5 


21-5 


Drayman . . .1 


45-65 


16,133 


160 


201 


310 


41-5 


^ 


65-upwds. 


2,894 


28 


38 


32-3 


43-8 


r 


10-20 


161,035 


267 


384 


5*5 


7-9 


Agricultural Labourer . < 


20-45 
45-65 


324,528 
195,840 


419 
378 


575 
626 


4-3 
6-4 


6-9 
9-0 


( 


65-upwds. 


79,959 


167 


316 


7-0 


131 


. 


10-20 


19,882 


25 


40 


4-2 


6-7 


Engine and Machine S 


20-45 


69,131 


97 


164 


4-7 


7-9 


Maker .1 


45-65 


15,738 


88 


67 


80 


121 


« 


65-upwds. 


1,683 


6 


12 


9-9 


23-8 


, 


10-20 


31,076 


16 


64 


1-7 


6-8 


Carpenter . . .< 


20-45 


117,298 


123 


207 


8-5 


5-9 


45-65 


44,539 


84 


150 


6-3 


11-2 


^ 


65-npw . 


12,702 


83 


78 


8-7 


19*2 


. 


10-20 


13,751 


9 


19 


2-2 


4-6 


Bricklayer . . < 


20-45 


69,929 


63 


82 


2-9 


4-6 


46-65 


21,047 


48 


62 


7-6 


9-8 


^ 


65-upwds. 


6,212 


18 


20 


8-8 


12-8 


. 


10-20 


15,109 


18 


82 


2-9 


71 


Mason ; Pavior . . •< 


20-45 
45-65 


63,927 
21,027 


64 
43 


101 
83 


40 
6-8 


6-2 
13-2 


^ 


65-upwds. 


6,126 


16 


81 


10-4 


20-2 
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Table VI — (continued) 



Occupation. 



Plamber; Painter; Qlazier 



Age. 



10-20 

20-45 

45-65 

65— upwds. 



Fopula* 
tion, 1871. 



17,508 

63,338 

19,550 

2,986 



Fatal Accidbnts, 
1870.2. 



In 

connection 
with Occa- 
pation. 



11 

114 

94 

19 



Total. 



In 

connection 

with Occu 

pation. 



24 
181 
121 

30 



AVSRAOB AmfUAL 

Rati pxb 10,000. 



2-1 

61 

160 

21-2 



Total 



4-6 

9-6 

20-6 

33-5 



Qnarrier 



10-20 


6,454 


13 


20Ht5 


23,058 


103 


45-65 


9,391 


78 


65-upwdB. 


1,733 


14 



18 

124 

86 

18 



6-7 
14-9 
27-7 
26-9 



9-3 
17-9 
80-5 
34-6 



Iron Manufacture . « 



10-20 


38,677 


40 


72 


3-4 


20-45 


109,395 


88 


167 


2-7 


45-65 


26,629 


16 


45 


20 


65-apwdii. 


8,346 


2 


12 


20 



6-2 

51 

5-6 

120 



MinerB (of aU descriptions) 



10-20 


98,527 


880 


20-45 


206,262 


1,728 


45-65 


67,043 


618 


65-upwd8. 


8,763 


67 



1,026 

1,980 

731 

95 



29-8 
27-9 
361 
21-7 



34-7 
320 
42-8 
361 



Total Males in England 
and Wales . 



10-20 


2,305,483 


• • ■ 


20-45 


3,772,431 


• ■ • 


45-65 


1,603,317 


■ ■ • 


65-apwd8. 


490,420 


• * • 



4,978 

11,212 

6,526 

2,739 



7-2 

9-9 

13-6 

18-6 



The following groupings of ages were adopted for this table : — 



Ages 


10-20 




f» 


20-45 




ft 


45-66 




n 


66 and 


upwards. 



The first would represent the periods of youth and apprenticeship^ 
naturally characterized by want of thought and inattention to 
precaution. The rates shown by this grouping are generally, as 
might be expected, higher than those brought out by the next. 
The second grouping would represent the period of life in which 
the worker should be in his prime. The third covers the period 
when muscular and vital force is declining and activity is abating. 
The fourth includes those whose fast-fading strength would render 
them peculiarly liable to accident. 

TOL. ZXIII. P 
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There is, generally, a marked steady increase in the rates for 
the last three groups in almost every occupation — ^the only excep- 
tion in the table being the miners, who show, curiously enough, 
an improvement in the last group.* Of several of the occupations 
included in this table (notably, ^' Agricultural Labourer ", " Brick- 
layer", and " Iron Manufacture"), it has been previously explained 
that the figures do not accurately express the rates obtaining in 
them; but they probably express with correctness the relative 
rates in the various groups of ages. 

At the commencement of the paper the belief was expressed 
that the facts now presented are of an original character. It may 
be readily imagined that the labour attending the classification of 
over 25,000 deaths according to age and occupation, was very 
considerable. When, therefore, the special purpose for which the 
investigation was undertaken had been served, and the opportunity 
for publishing the results arose, it seemed important that such an 
experience should be presented as much as possible in its original 
shape. There appeared to me to be two further reasons why 
this should be done. First, because an attempt to combine the 
results for the purpose of arriving at more practical conclusions 
would probably have ended in destroying the significance of many 
original facts worthy of notice. Second, ' because it would be 
better for any person desiring eitlier to make use of these results, 
or to go over similar ground in a future investigation, to be able 
to refer to the facts in their crude form. 

It is possible that further investigation and manipulation of 
the experience will lead to the establishment of more practical 
truths than the present paper can be said to point to ; but for the 
present I must be content to conclude with a repetition of the 
warning before given against attaching too much weight to every 
individual result. 



^ It is suggpested to ine by Mr. Newbatt, that this ib vety likely due to the 
lact that manv miners of more advanced years, though still described as ** miners **, 
are not actually engaged in the pit, but are employed in less risky occupatioiis 
about the surface. 
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APPENDIX. 

Table showing the Rates of Fatal Accidents for all Occupations 
included in Tables I, II, and III, arranged in alphabetical order, 

N.B. — Those printed in heavier type are taken from Tables II and III, and 
■honld be read in connection with the obsenrations made on thoee Tables. 



Occupation. 



Annnal 
Average 

Rate 

of Fatal 

Accidents 

per 10,000. 



Aeooantant 

Actor 

Agricoltnral Implement, &c.. Maker 

Agrieultnral Labourer (ont-door) 

Agriciiltural Machine Proprietor 

— Attendant 
Anchorsmith; Chainsmith 
Any Offleer .... 
Army Pensioner 
Auctioneer; Appnuser; Valuer 
Author, &c.; Student 

Baker 

Barge — Lighter — ^Waterman . 
Barrister .... 
Basket Maker 

Blacksmith .... 
Bookbinder .... 
Bookseller; Stationer . 
Box — Packing-case Maker 
BraM ICaaofaeture 

Brewer 

Brieklayer; Brieklayer's Labourer 
Brick liaker — Dealer 
Broker; Agent; Factor 
Brush and Broom Maker 

Builder 

Butcher 

Bufcton Maker 

Cabinet Maker; Upholsterer . 

Calieo and Cotton Printer 

Canal and Inland Havigation 8er 

▼ice. 



I 



Oannan; Carrier; Carter; Drayman 
Carpenter; Joiner . 
Cattle, &c,. Salesman 
Cellarman 
Cheesemonger 
Chemist; Druggist 
Chimney Sweeper . 
Chnit^h — Chapel Officer 
CivU Engineer 
CItU Service . 
Clergyman 
Coach Maker 
Cbachman; Cabman; Flyman 
Coach — Omnibus — Cabowner; Liv 
ery-stable Keeper 



1-7 
70 
4-6 
7-9 

9-3 
4-8 
8-4 

14-8 
3-2 
1-3 
3-7 

401 
4-7 
4-8 
70 
5-9 
20 
3-2 
21 
8-4 
61 
6-4 
6-7 
51 
6-5 
5-3 
9-9 
4-4 
3-8 

11-7 
26*0 

7-8 
13-7 
9-4 
4-7 
4*2 
81 
6-9 
51 
4-8 
2-7 
3-7 
10-9 

6-0 



Occupation. 



Coal Heaver— Labourer . 
Coal Merchant — Dealer . 
Coast Guard; Royal Navy Reserve 
Coffee House Keeper 
Coke Burner — Dealer 
Commercial Clerk . 
Commercial Traveller 
Confectioner .... 
Cook (not domestic servant) . 

Cooper 

Cork Cutter .... 

Corn, &G., Merchant 

Cotton, &c.. Warehouseman — Dealer 

Cowkeeper; Milkseller . 

Currier .... 

Cutler .... 

Domestic Servant (general) 

Draper; Mercer 

Dyer; Scourer 

Earthenware, &c., Dealer 

Earthenware Manufacture 

Engine— Machine Maker 

Fancy Qoods Manufacturer — Dealer 

Farm Bulifl .... 

Farm Servant (indoor) . 

Farmer ; Grazier ; (and relatives) 

Farrier; Veterinary Surgeon . 

Fellmonger 

File Maker; Dealer 

Fisherman 

Fishmonger . 

Game Keeper . 

Oardener 

Gas Fitter 

Cku Works Service . 

General Labourer (braneh undefined 

Ginger Beer, &c. Manufacture 

Glass Manufacture . 

Glove Maker .... 

Gbldsmith; Silversmith . 

Greengrocer . . . , 

Grocer ; Tea Dealer 

Gun — Ammunition Manufacture 

Hair Dresser .... 

Harbour — Doek Serviee ; Dock La 

bourer .... 
Hatter ; Hat Majiuf acture 

p 2 



Aimual 
Average 

Bate 

of Fatal 

Accidents 

per 10,000. 



1-6 

7-8 
10-6 
50 
10-8 
5-3 
4-8 
5-0 
8-4 
6-9 
8*2 
2-5 
9*4 
8*3 
8-8 
7-4 
8-9 
81 
17-6 
40 
3-6 
8-6 
9-4 
81 

7*9 
70 
50 
.4-6 
221 
8-4 
8-6 
4-4 
81 
5-2 
99-0 
6-9 
2-9 
3-7 
3-5 
70 
2-9 
7-9 
4-5 

9-4 
5-7 
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Table showing the Bates of Fatal Accidents, Sfc, — (continued). 



OccapAtion. 



Hawker; Pedlar . 

Hay — Straw Dealer 

Horse Breaker 

Horse Keeper j Groom ; Jockey 

Horse Proprietor — Dealer 

Hosier; Haberdasher 

Huckster; Costermonger 

Inn — Hotel Keeper; Beerseller 

Inn — Hotel Servant 

Iron KannfactiLre . 

Ironmonger, &c. 

Locksmith .... 

Lodging House Keeper . 

Maltster .... 

Manufacturing Chemist . 

Mason; Pavior 

Medical Student — Assistant . 

Merchant .... 

Messenger ; Porter ; Errand Boy 

Meter; Weigher 

Miller 

Millwright .... 

Municipal — Parish — Union Officer 

Musical Instrument Maker — Dealer 

Musician ; Music Master 

Nail Manufacture 

Kavy Officer . 

Navy Pensioner 

Keedle Manafaoturo 

Nurseryman, &c. 

Pfunter (Artist) 

Paper Manufacture 

Pftperhanger . 

Pawnbroker . 

Physician; Surgeon 

Pilot . 

Pin ManufiMturo 

Plasterer 

Plumber; Painter; 

Police . 

Poulterer 

Printer . 

Protestant Minister 

Provision Curer — Dealer 

Qnarrier . 

Rag Ghitherer — Dealer 

Bauway Attendant— Servant 

Bailway Clerk— SUUon Matter 



Glazier 



Annual 
Average 

Rate 

of Fatal 

Accidents 

per 10,000 



15-3 
10-4 

47-9 
5-7 

14-7 
2-3 

11-9 
7-2 

13-8 
5-6 
4-0 
1-9 
8-7 
4-9 
40 
8-9 
3-0 
4-8 
7-2 

10-1 
7-3 
8-4 
5-8 
5-6 
5-5 
4-9 
7-6 
6-4 
88 
20 
60 
5-6 
5-8 
21 
9-3 

27-4 

28-5 
90 

11-6 
5-5 
8-7 
3-7 
1-8 
3-4 

90-2 

230 

49^ 
71 



Occupation. 



Railway Engine Driyer— Btoker . 
Bailway Platelayer— lAbonrer— 

Havry 

Ratcatcher 

Soad Labonren .... 
Rope — Cord Maker 
Saddler; Harness — Whip Maker . 
Salt Manufacture .... 

Sawyer 

Scavenger 

Schoolmaster 

Shepherd (out-doer) 
Shipbuilder; Shipwright 
Shoe — Boot Maker .... 
Shop Keeper (branch undefined) 

Slater; Tiler 

Soap Boiler 

Soldier 

Solicitor 

Spinnings — Weaving Machine Maker 
Steam Navigation Service 
Stone Merc^mt — Cutter — Dresser . 
Sugar Refiner .... 
Surveyor ; Estate Agent 

TaUor 

Tallow Chandler .... 

Tanner 

Teacher; Professor; Lecturer 
Telegraph Service (not Ck)vemment) 
Textile Mannfaotnref 

Thatcher 

Timber, fte. Herebant — Dealer 

Tinplate Worker, &c. 

Tobacco — Cigar, &c. Manufactures . 

Toll Collector ; Turnpike Keeper . 

Tool Maker — Dealer 

Trimming Maker — Dealer 

Undertaker 

Warehouseman (not Manchester) 
Watch— Clock Maker . 
Waterworks Service ; Well Sinker . 

Wheelwright 

Whitesmith 

Wine — Spirit Merchant . 
Wire Worker — Drawer . 
Wood Carver ; Carver and Gilder . 

Woodman 

Wood Turner — Worker . 



Annual 
Average 

Rate 

of Fatal 

Aocidenti 

per 10,000 



60-6 

66-4 

10-7 

■ • • 

6-9 
6-0 

15*7 

10-9 
9-2 
2*6 
8-6 
91 
4-3 
71 
9-9 
9-2 
71 
5-4 
4-5 

11-6 
5-0 
4-8 
4-2 
4-3 
4-5 
5-0 
3-7 
3-7 
4^ 

15-3 
6-0 
4-7 
3-6 
8-5 
2-2 
7-4 
6-9 
4-3 
3-4 

11-0 
6-2 
2-3 
2-5 
5-8 
4-8 
6-1 
S-2 
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Discussion. 

The Pbesident (Mr. A. H. Bailey) said, that no douht from his 
connections, Mr. Whittall has had access to the records of the 
Reg^trar-General's Office not possessed bj us, and he has availed 
himself of that opportunity to deduce some yery interesting results. 
Of course for the purpose to which we should first be disposed to apply 
these statistics — ^the computation of, or the formation of ideas as to 
premiums to be charged for accident insurances — these results must 
be used with much caution. The proportion of fatal cases of accident 
to the number of partial cases is very small — just as in fire insurance, 
for instance, the number of claims for total loss is a very small pro- 
portion of the claims generally. At the same time the aggregate of 
small sums paid for partial losses amounts at the end of the year to a 
Tery substantial sum. He spoke with great diffidence as to how far 
Mr. Whittall*s results would help us in determining rates of premiums 
for accidents in each of the occupations. He did not know, for example, 
whether it can be said that the ratio of fatal accidents in particular 
occupations forms any clue to the number of partial accidents. Mr. 
Whittall has shown us- that the ratio of fatal accidents in coal mines 
is frightful, so frightful that he (the President) thought that any 
company, or any one advising a company, would not like to undertake 
the risk at any possible premium. The ratio is 40 in 10,000 in Cheshire, 
50 in 10,000 in Worcestershire, and curiously enough 31 in 10,000 
in the West Biding. When an explosion does' occur in a coal mine 
the result is so disastrous that if the company had to pay a sum equal 
to three years* wages of the men who are killed, it would be swamped. 
And yet, on the other hand, it is possible that the slight accidents 
may be very small. 

Mr. Walfobd remarked that thirty years of close attention to the 
problems connected with accident insurance had given him no doubt 
an exceptional experience, but the first thing he would say was how 
glad he was to see one of the younger members of the Institute taking 
up a practical question of this sort and handling it efficiently, and 
farther, that any young man who is in earnest in seeking an actuarial 
question, or one in regard to general statistics, need not look very far 
to find questions of the most deep and practical interest. Mr. Whittall 
had ofiered a criticism quite fairly upon some statistics on this question, 
or on a branch of this question, wluch he (Mr. Walford) submitted to 
another society some months ago. He said, with regard to his (Mr. 
Walford'fl) having excluded deaths caused by lightning and by sun- 
tftroke from his first results, that he thinks that, on the same principle, 
he might have excluded deaths from poison. He would take the 
opportunity of saying why he did not do that. The statistics which 
were prepared had this peculiarity about them, that, while they were 
based upon general results, the general statistics as drawn from the 
Registrar's report — they were put into a shape with regard very 
mnch to experience in connection with the question of accident 
assurance companies, and also with some regard to the possible expe- 
rience which would arise under the Employers' Liability Act. Now, 
with regard to poisons, it is clear that there can be no reason for 
excluding deaths from poison, because the greater proportion of these 
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may be and are supposed to be of accidental origin, for of course in 
the Registrar's return all the known deaths from suicide, whether 
resulting from poison or from any other cause, had been included 
under the heading " Suicide ". But there is another reason why 
deaths from poisoning should not be excluded. There are many 
occupations in this country wherein the liability to being poisoned in 
their pursuit is very great ; for instance, the occupation of making 
bronze paper for printing and fine art work, and also a much more 
hazardous occupation — that of preparing chemicals — a very large 
industry in some parts of the West Riding of Yorkshire. With 
regard to both of these occupations — and one could name some others, 
but these will be sufficient — there are many instances wherein deaths 
from poison resulting to a workman or workwoman in these occupations 
might be held to be the result of carelessness on the part of the 
employer. All young persons who go into bronze paper works are 
liable to be seized with sickness which may be fatftl to them but for a 
very simple and well-known remedy, and that remedy is drinking 
copiously of new milk. Most of us |)erhaps remember a case that 
occurred not many months ago in London where a poor lad was taken 
ill, and no one suggested to him in a forcible manner the drinking of 
new milk. Another case had come within the speaker* s knowledge as 
regards a manufacturer in a large way of business. He wad con- 
ducting some experiments, and he inhaled fumes, and he forgot, and 
his brothers forgot, the application of new milk, and this poor man 
succumbed. In either of these cases — certainly in the case of the 
lad — it is possible that the employer might have been liable, and for 
this reason, that there were no rules suspended in the workshops 
stating this simple remedy, and unless notice of proper precautions 
be given, the employer may be held to be liable for the consequences. 
I think that that is a type of the numerous questions which may 
arise under the Employers* Liability Act. With regard to deaths 
from lightning, he did not himself quite see how any question could 
arise wherein an employer might be held to be liable in consequence 
of such a death, unless indeed the not providing of efficient lightning 
conductors should entail responsibility. In experimental legislation 
one never can tell what may happen. With respect to sunstroke, 
death or injury from that cause has been held to be, in the case of 
Sinclair v. The Maritime Passengers* Insurance Company, not a death 
falling within the policy of accident insurance. One can very well 
understand that in cofPee plantations in tropical climates if an employer 
failed to provide sheds or shelters in the daytime, he might be held 
to be liable for death to his workmen from exposure to heat. But in 
this country, it did not seem necessary to include deaths from sunstroke 
with regard to accident insurance or the Employers* Liability Act. 
The next, and a most important question from a practical point of 
view, is the liability to non-fatal accidents arising from occupations ; 
it is indeed far more important than the liability to death. Is there 
any necessary connection between non-fatal accidents and fatal 
accidents ? Is there any ratio of probability between the one and the 
other ? He thought not. He did not think that the extreme test of 
the coal miners is a good one. The fact is, with regard to these miners, 
and also with respect to certain classes of railway servants, that so 
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many men are killed daring the early and middle stages of life that 
there are not very many old ones left to kill, and that has to he taken 
very seriously into account. But with respect to deaths ascertained in 
certain occupations, his experience, hriefly stated, was that the deaths 
do not, to a very large extent, certainly in the middle class of. life, 
happen by reason of the occupation. He noticed that the worst risks 
in table No. 1 are those connected with horses. Well, those are the 
worst risks all round. There are nearly twice as many people killed 
by horses in the course of the year as are killed by all the railways 
running. Those persons connected with horses will also have a suc- 
cession of non-fatal injuries occurring to them, and causing them to 
claim very heavily upon the insurance funds. There are other occu- 
pations that involve much liability to non-fatal injuries, but wherein 
the fatal accidents very often happen from causes entirely outside 
their pursuits, as in a railway train or by drowning, for instance. He 
might give an extreme case the other way. Dentists do not seem to 
be exposed to great risk in their occupation, yet they come out badly 
in some tables he had prepared as respects fatal risks ; mainly from 
railway fatalities, and irom driving, riding, and boating. And so, 
going through the list of fatal accidents in the occupations included 
in the tables, it will transpire that, speaking generally, there is no 
relation between the number of non-fatal accidents which a man may 
have in his occupation, and the chance of his being killed in his 
occupation. With respect to the employers' liability companies 
which have caused all of us who have had experience in relation to 
accidents to think very seriously upon such questions as are now before 
us, he felt bound to say, after watching very carefully the proceedings, 
and afber having been consulted by several of them on various points, 
that he could not account for the principles, if any principle is 
involved at all, on which those companies are conducting their 
business. He should say that if they come out of it well, it will be 
more by luck than by good judgment. Some of the wildest things he 
had ever known in modem times have been done by the managers of 
the employers' liability companies. He said this with all respect to 
those gentlemen, because they have done their best, and, perhaps, 
they have forgotten that in all new businesses there is a great apparent 
immunity from accident while the business is growing. AH the 
young accident insurance companies seem to have what our American 
friends call a good time in their infancy. But the period does 
arrive, generally in about the third or fourth year, when they feel the 
pinch considerably. Of course it must be so. While the new business 
is rapidly growing, there can be but a very small current risk attaching 
to the first year of insurance; but even that does not seem to account 
for the fact altogether. There are always new points coming up with 
regard to accident insurance, which tend to puzzle one extremely. 
The cycles of accidents are very remarkable. Not only have we cycles 
of disaster with as great a regularity as there seem to be panics in the 
commercial world, but we have something much more remarkable than 
that. We have cycles of accidents in certain districts, and nothing 
can be more surprising than the fact that a very large number 
of accidents, frequently of quite a similar character, wUl result in one 
part of the kingdom and will continue for some months, and then, 
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after a jear or more, suddenly these accidents will cease altogether in 
that part of the kingdom, and will hreak out in one or two distant 
places. He could not tell why, nor have we yet devised any means 
of testing these causes with precision. There is one solution only, 
and it is a solution which has, perhaps, hut a small hearing. It is 
this — that agents talk ahout the accidents which have occurred, and, 
of course, in their want of wisdom, frequently invite in their canvass- 
ing persons to insure who may he, more than others, liahle to the same 
sort of accident. And the next phase is, the persons who are more 
than ordinarily risky suggest themselves to the agents. What has 
come to pass during the last few years then is this, there is a sort of 
double process of selection going on against us ; first the agent sug- 
gests to the persons exposed to risk the propriety of insuring, and 
next the persons exposed to the risk have themselves learned the pro- 
priety of insuring. He found, by keeping a careful note of the claim 
registers of one of the large accident companies which are under his 
observation constantly, and also of the registers of some other large 
insurance companies of the same class in other countries, that there 
is a selection going on against the company which is much more 
serious in relation to non-fatal than to fatal injuries. In fact, the real 
question in accident insurance is the non-fatal and not the fatal 
claims ; and so they present no analogy to life assurance in any form. 
And what is to be the ultimate effect oi this continuing and increasing 
selection against the company, he did not pretend to know. The 
efEect now is that rates which were very abundant some twenty years 
ago are becoming very much narrowed down; and to. make things 
apparently worse, the companies have thought it desirable to bring 
their policyholders into participation in profits. That, perhaps, has 
something to be said in its favor in the way of sustaining the income, 
but he spoke of it only in its connection with its helping to reduce 
the margin of profit. There is the selection against the companies, 
and there is the competition in the way of superior advantages 
offered by the younger and less experienced companies to policy- 
holders. There is also a tendency to cut down the rates, or to intro- 
duce new features of a hazardous class ; and hence busioess of the 
class which is particularly in view in this paper is not in a very 
hopeful position. He did not, on the other hand, take an extremely 
despondent view. These cycles of competition arise and subside 
alternately. We shall have to watch this business and analvze it. 
Altogether the bunness of insuring against the risk of accident, 
either fatal or non-fatal, is one which should be undertaken with 
extreme care, and the business connected with the employers* lia- 
bility companies is one which requires even greater care, because the 
legal nature of the contracts is not yet clearly defined. 

Mr. Neison said that after much thoughtful enquiry upon this 
subject, and turning the matter over in his mind in every possible 
way, he was forced to the conclusion that the statistics presented 
in the reports of the Registrar-General of births, deaths, and mar- 
riages, did not afford any satisfactory basis for the determination 
of the rates of fatal accidents. If we turn to Table No. 1 of 
Mr. Whittall's paper, we can hardly help observing the remarkably 
favorable accidental rate which, according to this table^ is incidental 
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to some occupations which are notoriously known to ac(iident 
iDsuiance companies to he hazardous risks. He need only mention 
one or two, such as hutchers and horsekeepers. He could not help 
thinking that the explanation is this, — ^that possibly some of these 
occupations should have been grouped together. If we look at 
'^ horsekeeper, groom, and jockey", we shall find the rate of fatal 
accident is given at 5*7 per 10,000, but the most unfavorable entir 
in this table is that at the end, namely, " horsebreaker", in which 
the rat« of accident is put down at nearly 48 per 10,000. He was 
not at all sure the proper way would not have been to put these two 
classes together. There is so much akin in the two that we have no 
certainty whatever that the living and the deaths have been classed 
under the proper groups. Perhaps many of the deaths of horse- 
breakers ought to have been placed in the category of grooms, and 
vice versa. Further on in the paper it was said, in reference to 
textile manufactures, " There did not appear to be any primd facie 
reason for supposing that the rate of accidents would vary very 
much in these manufactures." He would mention that, for reasons 
connected with the Employers' Liability Act, he had had occasion 
to go very carefully through the statistics of the Registrar- General 
to see whether he could get any information upon this special class 
of manufactures ; but it was simply impossible to satisfactorily 
separate the different occupations, and he was accordingly driven to 
another source for information ; and that source, though it is not a 
very good one, is very much better than the statistics in the 
Registrar-Generars table. He referred to the reports of the in- 
spectors of factories, and there it will be found that the differences 
in the rates of accident amongst the various textile occupations is 
most marked. For instance, take scutch mills, where the rate of 
accident, especially in the north of Ireland, is something frightful. 
Then, if we take flax mills, the rate of accident among them is very 
considerable ; and, though the rate of accident in the cotton mills is 
not nearly so heavy as it is in the flax mills, the fatal accidents in 
the cotton mills are far in excess. Speaking generally, we may take 
it that, whereas the flax mills and the cotton mills taken as a whole 
are the most disastrous in their accidents, the silk mills are the least. 
Putting it in a rough ratio we may take it that the rate of accident 
is 2i times greater in the one than in the other. Turning to the 
very interesting abstract given of the rate of accident among railway 
employees, he would like to ask Mr. Whittall one or two questions on 
the statistics therein presented. Mr. Whittall, first of all, very 
properly draws attention to the fact that the accidents returned to 
the Board of Trade are not reliable. There is no doubt whatever 
about that being actually the case, and the explanation of it is that 
the companies reported only accidents occurring on the line. A 
perusal of the statute will show that the Legislature meant all 
accidents to be reported to the Board of Trade ; but practically what 
grew up was a custom of reporting only accidents hap})ening on the 
line, and consequently any accidents occurring in the sheds or 
factories or buildings in connection with the company, were not 
reported to the Board of Trade, though this matter is now altered. 
lie would like to ask Mr. Whittall how he arrived at the figures 
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given in the table of the numbers killed in 1870 to 1872. Betuming 
to the reports of the Eegistrar-General, there occurs among the 
special tables devoted to the scheduling of fatal accidents, an entry 
of this description — " violent deaths on railways " — ^not " violent 
deaths of those connected with railways", and consequently the 
deaths there returned are far in excess of those occurring among the 
employees only. It was therefore first of all essential for Mr. 
Whittall to go through all these records and find out how many of 
these deaths were in respect of railway employees, and how many 
were in respect of outsiders. That was an extremely difficult task ; 
in fact, impossible. When the late Government appointed a Royal 
Commission on railway accidents some years ago, his (Mr. Nelson's) 
attention was directed to this subject, and in the report issued by 
that Royal Commission there is a statement for four years, of the 
number of fatal accidents reported to the Board of Trade in those 
years. Roughly speaking, this was the conclusion that was come to 
— that one out of every five of these accidents, or slightly more, was 
in respect to trespassers. In other words, they were persons who 
trespassed on the line, and this will show at once that they could not 
have been in the employ of the company ; and consequently, that of 
itself is sufficient to knock oft one-fifth of the deaths at once. But 
then there must have been an inquest in every case, and, of course, 
the Registrar would have been required to put in some occupation. 
And if, for instance, the Registrar puts in the occupation of a 
laborer, he did not see how Mr. Whittall could determine whether 
that was a laborer whose employment was outside the company*8 
service, or whether it was a laborer who was employed in connec- 
tion with the company's service. Then, a considerable number of 
deaths — some 300 out of the 1,800 g^ven by Mr. Whittall for those 
three years — are stated in Dr. Farr's reports as being " in manner 
not stated*' ; and notwithstanding the very elaborate schedule which 
they give of the cause of death, they could not even find out for the 
purposes of the report how the death had arisen ; and if there is so 
much of doubt even on the point of whether the person was run 
over, or whether there was a collision, or whether he got jammed 
between the buffers, he was afraid that there could not be very 
satisfactory evidence as to the point of whether he was a laborer in 
connection with the company, or whether he was concerned outside, 
or whether it was a case of suicide. But turning from the deaths to 
the number of employees at risk, Mr. Whittall states the figures as 
129,688 ; and he has taken them quite accurately. But it is known 
very well that that does not represent the number of persons in 
connection with the railways of this country, and, as a result, one of 
the first things that had to be done when the Royal Commission on 
accidents on railways was issued, was to find out really what was the 
number of employees ; and, for that purpose, the return alluded to 
here by Mr. Whittall — Lord Aberdeen's return in 1874 — ^was issued. 
In that return every company was called upon to produce a state- 
ment of the number of persons they employed, very much as is done 
under the Mines Regulation Act. Well, as Mr. Whittall states, the 
return given was 274,000 for the whole of the United Kingdom ; 
and the figures for 1878 would not be so very different from what 
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the facts were in 1871. It will be seen that, practically, it is adding 
a Yerj considerable number on to the population at risk. Instead of 
being 129,000, as Mr. Wbittall takes it, he ought, at least, to make 
it somewhere about 220,000. Now, he believed that this inapplica- 
bility of the census results for getting the railway population is not 
an exceptional case. In the report of the Royal Commission on 
factories in 1876 the same difficulty was met with. It was desired 
in connection* with the Employers' Liability Bill to find out what 
was the rate of accident; but that was merely one point that we 
were desirous of ascertaining. It was wished to ascertain also the 
population in connection with the different factories. The census 
referred to was taken, but it was found impossible to deduce any 
satisfactory conclusions from the census, and special returns were 
called for by the House of Commons ; and any gentleman curious in 
the matter has only to turn to appendix B to the report of the Koyal 
Commission on Factories, and he will there see a most instructive 
table, drawn up by the secretary, showing the occupation in the 
census and the occupation in the manufacturers' returns. He (Mr. 
Neison) spent two or three weeks in trying to account for the dif- 
ferences, but at last he was obliged to give it up as simply impossible. 
Turning to the rate of accidents among railway employees which 
Mr. Wbittall gives, as shown by him (the speaker) and shown by 
Mr. Whittall's own results, it appears that the advantages of his 
(Mr. Nelson's) ratios over Mr. Whittall's are just these — that Mr. 
Whittall is in doubt, for the reason already given, whether his 
population ought to be increased by ten thousand or one hundred 
thousand, and for the same reason he must have experienced con- 
siderable difficulties in making up his mind whether the accidents 
returned by the Registrar were accidents really to laborers, or to 
persons connected with the company or not. Happily he (Mr. 
Neison) was not under such difficulties. The panic created at the 
time that the Employers' Liability Bill was coming before the 
House of Commons was so great, that railway and other companies 
were anxious to see whether they could arrive at the truth, and, 
consequently, he had returns from some of the large railway com- 
panies in this country, not returns submitted by the companies 
themselves, but really the experience of the benevolent funds which 
existed in connection with the companies, and therefore there was no 
possibility that the accounts had been cooked in any way, — if such a 
term might be used, — siniply because the facts had been drawn up 
for other purposes years before. Well, the results were very astonish- 
ing. He would take the first, so far as magnitude is concerned. It 
was a very large company indeed. The experience ran over ten 
years, and embraced, in round numbers, 200,000 years of risk. The 
rate of mortality was practically 33 per 10,000. 

The Pbbsident — What description of trade ? 

Mr. Neison — A railway company, a large goods line. Mr. 
Whittall's figures are an accident rate of 48 or 49 per 10,000. Then 
we went to another company of almost equal magnitude, but there 
there was the advantage of having the facts for sixteen years. 
Again the years at risk were somewhat over 100,000. The rate of 
fa^l accidents was found to be 34 per 10,000, instead of 83, as in 
the other case, 
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The pRESiDEirT — Were these weekly wage men P 

Mr. Neisox — All the men that were on the company's funds. 
In some companies they insist upon everybody belonging to the 
fund. In other companies they insist only on those connected with 
the traffic belonging to it. There is no hard and fast line. 

The President — ^There is more than one fund in some railway 
companies, but these were the weekly wages men — not the clerks and 
station-masters ? 

Mr. Neison — ^The station-masters are taken in. That is a risky 
occupation, as we saw lately at Waterloo Junction. 

The Pbesident — But there is within my own knowledge more 
than one fund. One class is called the black coat men, and the other 
the fustian. 

Mr. Neison — The distinction between those funds is, that whereas 
one is a sickness and death fund, the other is a superannuation fund. 
But these are the men who were paid weekly. Then there was a 
third company — and here is a remarkable difference — a company in 
which there was very little goods traffic, and we had, the experience 
of some ten years, and we found that the accident rate was 25 per 
10,000. Shortly after these facts were put before him — he did not 
know whether it was in consequence of those facts being submitted 
to the Government — he was waited upon by the men to know whether 
there were any statistics on the other side of the question, so that he 
had the benefit of having the experience of the large union connected 
with the railway service. That embraced some 25,000 men. He 
could only get the experience for a few years, but there, again, the 
rate of mortality was found to be 34 per 10,000. The unanimity 
with which these statistics come out is wonderful. Then he had the 
statistics of the railway guards' friendly society. It includes the 
guards all over the kingdom. There, again, their accidents came 
to 35 per 10,000, so that for all practical purposes we may assume 
that the rate of mortality from fatal accidents in goods lines is 
about 34 per 10,000, and in passenger lines it comes down to about 
25. If Mr. Whittall would kindly just make allowance for the 
differences between the population at the time of Lord Aberdeen's 
return and at the time of the census, he will find the facts will work 
out at a mean mortality of somewhat over 30 per 10,000. He 
(Mr. Neison) turned up the experience of a large number of friendly 
societies which had come before him, to find what was the rate of 
fatal accidents, and he found that whereas in rural districts it was 
as high as 12 per 10,000, it is not quite 10 in towns, where, from 
ignorance of the subject, he expected to find the rate of accident 
larger ; but it is the reverse, and he believed that that coincides with 
the experience of accident insurance companies, who find rural risks 
are heavier than town risks. The President raised the question 
whether the rate of non-fatal accidents bore any relation to the rate 
of fatal accidents? There is no relation whatever. He further 
raised the question, what was the proportion in mines of persons 
injured by non-fatal accidents? While, in all cases of permanent 
relief funds, we find that fatal accidents range among miners from 
23 to 38 or 40 per 10,000, the non-fatal accidents are at the rate of 
14 to 20 per-cent ; or, in other words, speaking generally, nearly one 
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oat of every five miners meets with an accident of some sort during 
the year. In the railway service of course the ratio of non-fatfd 
accidents is not so high ; it is found to he one in twelve. He was 
sorry to say that the records given hy the registrars under the head 
of occupation are very delusive indeed. Before the recent census was 
taken, so strongly did he feel on that point that, in conjunction with 
one or two other gentlemen, he had interviews with the past and 
present presidents of the Local Government Board and Sir Brydges 
Henniker, and they did all they could to enforce upon the registrars 
a little more care in filling up the occupation column. But the fact 
is, it is difficult enough to get the registrars to fill in the age column 
properly, and, rightly or wrongly, they have an idea that the occu- 
pation column is quite heside the question, and that no use is made 
of it. It is not only so with regard to the registrars of hirths, deaths, 
and marriages, hut, within the last fortnight, he had statistics from 
some hospitals, and he found in one case the occupations were only 
of two sorts for everyhody that came to the hospital. It was a 
woman's hospital. The course of procedure was: "Are you a 
dressmaker?" ''No." "Oh, machinist then;" and consequently in 
column after column of these records there are hut two sorts of 
entries — either dressmaker or machinist. 

Mr. M. N. Adler said that in the paper was a mass of information 
of quite a novel character so far as this country is concerned. In 
Prussia they have such statistics ; and there they are lahoring under 
similar difficulties to those which appear to have heen hrought out in 
the discussion — namely, that the returns derived from the Kegistrar- 
Cleneral's reports differ very much from the returns given hy 
inspectors of factories, mines, and railways. The discrepancy is 
very great, and only a few days ago he had seen quite a treatise on the 
subject by Dr. Engel, who actually analyzes the statistics for each 
province, and shows the percentage of discrepancies in the two returns, 
between the records of deaths given by the doctors and the local 
registrars, and those given by the inspectors. Mr. Nelson has very 
closely looked into the statistics of accidents, and a report which was 
not actually published, but was a private document, which investigates 
rates of accidents in mines and on railways, affords a great deal of 
information which is very valuable indeed.* In this work Mr. Nelson 
brings out that the rate of fatal accidents for coal and ironstone 
mines, looking at all the English counties together, is 23 for every 
10,000 employed. It is a curious fact that an investigation by 
Dr. Heym, based upon the Prussian mine inspectors' returns for 
10 years, brings out a figure wonderfully near. It is 23*26. This 
is a remarkable coincidence, because, in looking at the statistics of 
accidents, one is really baffled by discrepancies on so many points. 
He did not know to what extent Mr. Whittall's results have been 
made available to companies granting insurances under the Employers' 
Liability Act, but these figures can hardly be applied, and are not of 
much practical use. Under the Employers' Liability Act, an employer 

* This report is entitled "The Rate of Fatal and Kon-Fatal Accidents in and 
about Minee and on Railways, with the Cost of Xnsniance against such Accidents ". 
A copy is in the Library of the Institute. 
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is not only liable in respect of a fatal accident, but also if tbe workman 
sustains any personal injury. The question was asked by the 
President, whether there were any statistics available to show the 
relative proportion of fatal to non-fatal accidents. There is very 
great difficulty in getting at any reliable figures. The Germans are, 
however, very painstaking, and from a mass of statistical matter 
of interest which has been published recently, he had extracted some 
figures which refer to one of the leading mining institutions in 
Germany, at Chemnitz, and the result is this, that to 91 deaths 
there are 213 total disablements, by which the men are permanently 
prevented from continuing to do any hard work. There were 369 
partial disablements and 8,177 accidents of a temporary or lighter 
character, so that there would be something like 100 accidents to 
one death. 

Mr. Walford — That is the experience here. 

Mr. Adleb — Mr. Whittall states that almost every one of the 
deaths recorded by the Begistrar- General under the heading of 
violent deaths, was the subject of a coroner's inquest. If every one of 
the cases represented by the figures given here was the subject of a 
coroner's inquest, these tables, which are intended to give the per- 
centage of fatal accidents, must be very incomplete, because you can 
well understand that a man meets with an accident but does not die 
at once. He is taken to his home or to an hospital. There he lingers, 
and months afterwards perhaps, mortification sets in and he dies. 
Such a death would not be a case for a coroner's inquest, and yet the 
death has clearly arisen from the accident. 

Mr. HuMPHBEYS — Mr. Whittall, near the beginning of the 
paper, makes this remark, ''For example, large numbers of deaths - 
are known to occur which might be distinctly traced to the effects of 
accidents which happened some time previously, but which are not 
registered as caused by them." That almost answers Mr. Adler's 
question. 

Mr. Walfobd — The accident offices allow three months afber the 
accident for a case to terminate fatally. 

Mr. Humphreys — There are a great many deaths from accident 
not included in this return. 

Mr. Neison — Under the Mines Regulation Act, if a man dies 
any time within twelve months, you are bound to have an inquest. 
That has been always in force under the Mines Regulation Act. 

Mr. Whittall, in reply, said — In his opening remarks, the Pre- 
sident referred to the want of disablement experience. Of course 
this paper did not pretend to give a complete experience for the use 
of an accident company or any other company to trade upon. It is 
palpable that one must have disablement experience as well as death 
experience to calculate rates for accident insurance, inasmuch as the 
rates of disablement are undoubtedly quite independent of the rates 
of fatal accidents. The present is intended to be a scientific paper 
dealing with a special subject of enquiry. Speaking of the use of this 
paper, there is one use to which it might be applied, although it is 
not mentioned in the paper, and it has not been referred to by any of 
the speakers. It may be i&ed in our ordinary life assurance practice. 
We very often have a risky occupation submitted, and it is then a 
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great question, what is the amount of risk to which a man is suhjected 
on account of his occupation, and what extra premium should he he 
charged. Some of the figures here given may he useful in showing 
that we have often charged excessive rates. If you take railway 
employees even at the rates hrought out in the paper, the rate is only 
one-half per-cent, which would he covered hy an extra annual premium 
of 10s. per-cent, or, perhaps, less than that — perhaps 6s., according 
to Mr. Neison. But yet if it were proposed to add only something 
like three to six years on account of his occupation to the life of a 
railway guard, actuaries would rather laugh at the idea. Mr. Walfprd 
made some very suggestive observations about poisons which are very 
instructive. His statement that a great many of them properly 
come under the head of accidents adds all the more to the correctness 
of the tables in the paper, as those deaths are included in them. They 
were all taken account of in the first small table given in the paper 
in order to see what was the maximum possible error on account of 
their being included. Mr. Neison, in his observations, began by 
referring in table 1 to some anomalous rates which were brought out 
there, and he referred more particularly to horsekeepers and horse- 
breakers. Now, if Mr. Neison were a registrar, and registered a 
horsekeeper who was killed under the name of a horsebreaker, he 
could hardly be judged eligible for his post. 

Mr. Neibok — It is groom and jockey as well as horsekeeper. 

Mr. Whittall — Well, those are very well-defined occupations, and 
men would hardly make such errors. The registers are very carefully 
kept ; moreover, these are all cases in which coroner's inquests were 
held, which fact reduces the chance of error very considerably. There 
is no doubt that they would be very much more carefully registered 
and descHbed than ordinary deaths. The further great point relied 
on in giving these statistics is, that these deaths have been classified 
on exactly the same lines, and practically in the same office, and by 
the same men, as the census returns. If there was a liability to error 
in the one, probably the liability to similar error in the other would 
counteract its effect. Then Mr. Neison referred to textile manufac- 
tures, and he mentions the statement that there was no primd facie 
reason for supposing that the rates would vary much in them. His 
new information to the contrary is very interesting. He (Mr. 
Whittall) experienced the same difficulty which Mr. Neison refers to 
in trying to deal with the textile manufactures entirely from the 
census returns. No doubt Mr. Neison touched a weak point in the 
figures when he spoke about trespassers killed on railways possibly 
being described as railway laborers, when they ought, properly, to 
have been put down as ordinary laborers. But, oearing in mind 
that there was a coroner's inquest in every case, there is great proba- 
bility of their having been correctly named. Then he has criticized 
the populations given in the paper, and very naturally draws an 
inference that they are understated from what is stated there about 
Lord Aberdeen's return, which brings out a very much larger railway 
population. He desired to explain that it was only since that para- 
graph was penned that be had seen the details of the return of 1873, 
and he found that they were given in a much fuller manner than he 
thought ; and while he had only quoted the total of 274,535 in the 
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paper, yet in reality they are pretty minutely classified in the different 
classes. On referring to the instructions which are issued for the 
guidance of the classirying clerks of the census, he found that a great 
numher of those men who are included in Lord Aberdeen's return 
would not be included at all in the census populations adopted ; so 
that he had done himself an injustice in quoting that larger number 
which are included in Lord Aberdeen's return, and comparing this 
with the 166,083 which his figures amount to. Also with regard to 
the deaths quoted here as being reported to the Board of Trade, he 
would shortly say that since these were inserted, he had discovered a 
seeming discrepancy between the return of the Royal Commissioners 
on Railway Accidents from which the facts were extracted, and the 
miscellaneous statistics issued by the Board of Trade, and also pur- 
porting to give the number of fatal accidents on railways as returned 
by the companies. The number given in the miscellaneous statistics 
of the Board of Trade are very much in excess of those quoted in the 
paper. This shows there is a less probability of the figures being 
overstated. Mr. Neison referred to his own railway experience, and 
he explained, as he has also explained in that valuable report which 
Mr. Adler has referred to, that it was the result of the experience of 
some railway funds. But it may be rather doubtful from the descrip- 
tion he has given us of them, whether he has not got a superior class 
of men in these funds. As the figures in the paper include all the 
railway men in the kingdom, they will include not only the well-kept 
and well-regulated men on the larger lines where there is stricter dis- 
cipline and greater immunity from accidents : but they will also 
include all the men on small railways — small local railways in the 
coal- mining and other industrial districts. It is quite possible that 
the mortality amongst the class of men employed on these smaller, and 
probably more dangerous, railways, might be higher than amongst 
the class from which Mr. Neison's funds are recruited. Notwith- 
standing what Mr. Neison says, therefore, he could not think that the 
discrepancy in the respective railway rates was due to overstatement 
in his (Mr. Whittall's) entirely. 



Insurances against Issue. 

IN January 1877 we gave a table of the Issue Insurances in 
force according to the latest returns of the offices to the Board of 
Trade. It then appeared that there were 27 companies transacting 
this class of business^ and that the total sum assured^ after deduc- 
tion of reassurances^ was £875^558^ in respect of which premiums 
had been received amounting to £62,238. We now give a similar 
table brought down to the present date ; and it will be seen from 
this that the business has increased during the five years to the 
extent of about 50 per-cent, the number of companies transacting 
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the business being now 41^ and the totals^ after deduction of 
reassurances^ being : — 

Siim« ABsnred, £1»264,166 | Preminms, £97«495 









Nbt Amounts, 






1 


1 




%v 


DEDUCnMO 




Gaoss Amoumts. I 


r 




Nnm- 


Reimsuranceb. 








Name. 


Date of 
Taluation. 


ber 
of 














^«_ 














Canes. 


Sums 


Pre- 


Sums 


Pre- 


Re 


Average 








insured. 


miums 
received. 


insured. 


miums 
received. 


serve. 


Premium 
per-cent 


London Sl Pfot. Law 


31 Dec. 1875 


79 


221,628 


13,486 


288,628 


14,755 


10,068 


618 


lEi^le 


30 June 1877 


29 


179,355 


19,195 


279,210 


27,124 


10,656 


9-71 


1 Eqoity and Law 


31 Dec. 1879 


46 


164,322 


12,492 


199,657 


14,825 


14,825 


7-43 


law Union 


30 Nov. 1879 


39 


84,520 


5,877 


103,520 


7,129 


3,564 


6-89 


'Standard . 


15 Nov. 1875 


15 


63,220 


6,400 


63,220 


6,400 


3,316 


1012 


Norwich Union 


30 June 1876 


16 


63,050 


4,412 


63,050 


4,412 


2,206 


700 


Legal and General . 


31 Dec. 1876 


7 


41,000 


2,121 


45,200 


2,305 


1,153 


510 




31 Dec. 1879 


14 


39,800 


2,896 


48,800 


3,164 


3,164 


6-48 


I| North Brituh . 


31 Dec. 1875 


9 


89,500 


2,690 


143,000 


6,480 


9,315 


3-83 


I London Assurance 


31 Dec. 1875 


8 


36,462 


3,111 


36,462 


3,111 


3,031 


8-53 


1 Pelican 


30 June 1875 


7 


36,015 


3,016 


36,015 


3,016 


3,016 


8-37 


Law 


31 Dec. 1879 


10 


32,500 


8,354 


69,500 


9,182 


9,182 


13'21 


Rock 


20 Aug. 1875 


4 


26,000 


1,820 


26,000 


1,820 


580 


700 


Hand-in-Hand . 


31 Dec. 1877 


4 


25,000 


2,552 


25,000 


2,552 


2,250 


10-21 


UiuTersal . - . 


31 Dec. 1879 


12 


24,400 


1,964* 


46,900 


3,776 


3,897 


8-05 


. Kelianoe . 


31 Dec. 1877 


8 


22,807 


1,603 


24,807 


1,771 


1.954 


7-14 


Alliance . 


31 Dec. 1878 


6 


20,500 


1,254 


20,500 


1,254 


627 


612 


Union 


30 June 1877 


5 


20,000 


1,365 


20,000 


1,365 


793 


6-83 


1 Liv. & London & Globe 


31 Dec. 1878 


6 


16,400 


1,166 


16,400 


1,166 


595 


711 


. Commercial Union 


31 Dec. 1877 


6 


14,500 


879 


14,500 


879 


847 


606 


aty of Glasgow 


20 Jan. 1879 


8 


14,500 


1,019 


15,500 


1,071 


360 


6-91 


West of England 


31 Dec. 1877 


6 


11,600 


75 


11,600 


76 


nil 


(?) 


Imperial . 


31 Jan. 1876 


4 


10,325 


306 


10,325 


306 


306 


2-96 


Westminster 


31 Dec. 1876 


6 


8,362 


612 


8,362 


612 


570 


7-32 


SoTereign . 


31 Dec. 1879 


3 


8,000 


726 


8.000 


726 


590 


9-08 


Edinburgh 


31 Mch. 1878 


2 


5,000 


420 


5,000 


420 


378 


8-40 


[JnirerBitj 


30 Apr. 1880 


2 


4,800 


353 


4,800 


353 


335 


7-35 


London & Lancashire 


31 Dec. 1877 


3 


4,000 


241 


6,500 


372 


56 


5-72 


General 


31 Dec. 1877 


2 


4,000 


273 


4,000 


273 


137 


6-83 


Scottish Equitable . 


1 Mch. 1878 


2 


4,000 


462 


4,000 


462 


439 


11-65 


Patriotic . 


31 Mch. 1879 


2 


4,000 


480 


4,000 


480 


287 


12-00 


Provident . 


31 Dec. 1877 


1 


2,500 


210 


2,500 


210 


210 


8-40 


Queen 


31 Dec. 1878 


2 


2,000 


40 


2,000 


40 


20 


2-00 


U. K. Tempeianoe . 


31 Dec. 1875 




2,000 


210 


2,000 


210 


140 


10-50 


Whittington 


30 Apr. 1878 




1,600 


80 


1,600 


80 


80 


500 


Scottish Imperial 


31 Dec. 1875 




1,500 


79 


1,500 


79 


59 


5-27 


L Law Property . 


31 Dec. 1875 




1,000 


not $taUd 


2,000 


not staUd 


nil 


(?) 


1 Caledonian 


14 May 1878 




1,000 


84 


1,000 


84 


84 


8*40 


1 NcHTthem . 


31 Dec 1875 




1,000 


63 


1,000 


53 


53 


5-30 


' Atlas 


25 Dec. 1879 




1,000 


20 


1,000 


20 


5 


(?) 


I Briton Medical & Gen. 


31 Dec. 1874 


3 


1,000 


100 
97>495 


1,000 


100 


100 


1000 


41 Companies 


• • • 


883 


1,264,166 


1,618,056 


121,612 


89,248 


7-61 



244 
• Estinuited <» - ^ x 8776. 



VOL. XXIII. 



222 The Logic of an Unfortunate Experience, [Jan. 

The only other circumstances which appear to call for remark 
from us are. Firstly — That the average premium has slightly in- 
creased. As we know of no reason for believing that the rates 
charged by companies for such insurances have inci'eased, but 
rather the contrary, we are inclined to attribute this increase in the 
average premium to the circumstance that the average age of the 
lives insured against issue, is less than formerly. Secondly, That 
several policies included in the present returns are subject to the 
payment of annual premiums, whereas on the former occasion all 
the policies seem to have been effected at single premiums. It 
may be useful to point out that the former can be safely accepted 
only in exceptional circumstances, since the risk under issue 
insurances in general, rapidly diminishes as the duration of the 
policy increases. 



The Logic of an Unfortunate Experience. 
[From the Insurance Monitor of New York.] 

As was stated by our Gossip last month, the Loomis saw and 
planing mill in Brooklyn was burned out for the eleventh time, yet 
the owner's record is a reputable one ; nevertheless, his unfortunate 
experience has naturally rendered it extremely difficult for him to 
obtain protection. A somewhat similar experience is narrated by 
the Cincinnati JPrice Current as follows : — 

*' A few days ago application was made to one of our city com- 
panies by a broker, for insurance upon a new steamboat owned in 
another western city, which was promptly declined. He presented 
the fact that the boat was new and well built, which was admitted ; 
that the trade in which it was to engage was not dangerous, which 
was also admitted ; and that the owners were among the best men 
in the countrv, which was heartily endorsed. *Then why decline?* 
'Solely for tlie reas^ou that the ownership of that boat has been 
unfortunate, having lost several boat«s. We «dmit that they have 
good boats employed in good trades ; that they seem to be careful in 
the employment of their crews ; and that, personally, the ownership 
is of the highest character. And yet the boats of that concern do 
burn and sink in greater ratio than do steamboats generally. We 
have paid money to learn these facts; and without going into an 
investigation of the whys and wherefores, we propose to derive some 
benefit in the future by our exj>erience in the past.' " 

Ever}' office can furnish scores of just such cases; and the 
question is, what is the true interpretation to be placed on an 
unfortunate experience of this kind? Suppose that no reason is 
known, or can be fairly assigned, for what appears to be a special 
moral hasard. Is the underwriter to sav that there is at any rate 
some fatality connected with that man^s property P Or is he to 
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argue that there is a special danger which he cannot divine ? Or, 
on the other hand, to simply say that the combination was purely 
accidental and betokens no additional danger to a new risk P The 
first view is very apt to be secretly cherished by many, while at the 
same time it is obviously wholly untenable. Apart from some 
particular hazard which has caused the fires, no fatality attaches to 
any risk. If the hazard be not present in some shape, an insurance 
after the eleventh disaster is just as safe as after a first. But the 
repetition of a fire is an indication of the presence of such a hazard ; 
it is an evidence which grows wonderfully stronger with each added 
instance. It may have been a hundred to one that the first fire 
would not have occurred. It is nearly ten thousand to one that two 
fires would not quickly follow, and the probability increases enormously 
each time if the risk were of the ordinary kind. Thus, without going 
into the mathematics of the subject, it is clear that the hypothesis 
of a pure coincidence decreases enormously with every fresh loss. 
Among the great number of risks on a company's books, such 
coincidences are to be looked for, and due allowance made for their 
occurrence. A single repetition may not justify a belief in the 
presence of a special danger. But it does justify and demand a 
careful enquiry, whether such a danger does not exist ; while a third 
disaster, following quickly after, may well, to use the language of the 
courts, throw the burden of proof on the claimant, that his was a 
case of pure accident or that his risk was not far greater than it 
seemed. 

Take the case of the Brooklyn mill. It is almost impossible to 
believe that the hazard on that establishment was at all measured by 
the price charged, that any company again assuming that risk would 
not be guilty of the grossest folly if it consented to write for any 
figures which did not fully recognize the exceptional experience; 
and such figures might well render the mill practically uninsurable. 
So in the case of the Cincinnati steamboats, the position of the 
underwriters was strictly logical. No matter whether they were 
able to assign a reason for the successive losses or not, the fact that 
they had occurred, was good ground for assuming that the chances 
of another repetition were greater than in ordinary lines. 

But here we must pause. The measure of that chance, the 
measure of the additional charge which would justify a policy, must 
be purely a matter of judgement. For this, no rule can be given. 
The law is a very broad one, that every additional fire increases in a 
high degree the probability that the risk is far greater than was 
assumed, and few things are more important to the underwriter than 
to know the past experience of the applicant. 
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27061 


28-673 


30-411 


32-282 


34-314 


11 


12 


26-931 


28-445 


80-103 


31-899 


33-833 


35-918 


38*184 


12 


13 


29-751 


31-429 


33-26i 


35*248 


37-386 


39-694 


42-210 


18 


14 


32-681 


34-531 


36-516 


38-725 


41-075 


43-621 


46-401 


14 


16 


35-726 


37-750 


39-953 


42-335 


44-912 


47-711 


60*772 


16 


16 


38-886 


41-092 


43-190 


46-090 


48-908 


51-974 


65*335 


16 


17 


42168 


44-563 


47-171 


50-001 


53-074 


56-426 


60-098 


17 


18 


45-575 


48-173 


51-003 


54-078 


57-424 


61-073 


65*067 


18 


19 


49119 


51-932 


54-998 


58-335 


61-964 


65-920 


70-255 


19 


20 


52-810 


55-852 


59170 


62-778 


66-701 


70-982 


75-672 


20 


21 


56-658 


59-945 


63-523 


67-413 


71-646 


76-266 


81-333 


21 


22 


60-676 


64-216 


68-()66 


72-253 


76-809 


81-789 


87-260 


22 


28 


64-869 


68-672 


72-809 


77-305 


82-206 


87-571 


93-474 


23 


24 
26 

26 


69-244 
73-812 

78-581 


73-325 
78-182 

83-259 


77-760 
82-936 

88-354 


82-587 
88-115 

93-912 


87-856 

93-779 

24 


93-633 


26 




26 


41 








27 
28 
29 


83-565 

88-783 

94-254 

20 


88-575 

94147 

21 


94034 
22 


23 


43 


42 


8 

7 
6 

6 


86-743 
74120 
62 081 

60-681 


44 


85-389 
71-476 

58-206 


45 


83-645 
68-072 






81-319 


4 


• « • 


■ • • 


78-0(J0 


63-530 


53-218 


45-531 


39-578 


4 


8 


« • ■ 


« • ■ 


57169 


46-564 


39-030 


33-404 


29-039 


8 


2 


• • • 


• • • 


37-243 


30-357 


25-456 


21-788 


18-946 


2 


1 


■ ■ • 


• • • 


18-210 


14-852 


12-463 


10*663 


9*270 


1 
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44 


43 


42 
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as 


39 


30 


31 


32 


33 
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tion. 


1 

2 
8 

4 
6 

6 
7 

8 

9 

10 

11 
12 
13 
14 
16 

16 
17 
18 
19 
20 

21 
22 

9 

8 
7 
6 

6 

4 
8 
2 

1 


2-763 

5*618 

8-570 

11-623 

14-790 

18-078 
21-495 
25-046 
28-731 
32-558 

36-531 
40-665 
41-969 
49-456 
54-142 

59-032 
64-133 
69-460 
75-021 
80*834 

86*919 
93-300 

27 


2-936 

5-972 

9-111 

12-368 

15*750 

19-264 
22*916 
26-706 
30-642 
34-728 

38*979 
43-405 
48-020 
52-838 
57-867 

63-114 

68-592 
74-312 
80-289 
86-548 

93-109 
28 


3127 

6*362 

9-718 

13-202 

16-822 

20-584 
24-489 
28-543 
32753 
37-133 

41*693 
46-447 
51-412 
66-593 
61-998 

67-642 
73-535 
79-693 
86141 
92-901 
29 


3-339 

6-803 
10-400 
14-137 
18-020 

22-051 
26-237 
30-582 
35-103 
39-810 

44-718 
49-843 
55192 
60-771 
66-598 

72-680 
79-038 
85-693 
92-672 
80 


3-584 

7-305 

11-171 

15-188 

19-359 

23*689 
28-185 
32-862 
37-731 
42-809 

48111 
53-644 
59-416 
65-4-14 
71736 

78-314 

85-199 

92-418 

31 


3*859 

7-869 

12-036 

16-361 

20-852 

25-516 
30-366 
35-417 
40-683 
46-182 

61-921 
57-908 
frl-159 
70-686 
77-507 

84-649 

92137 

32 


4171 

8-505 

13004 

17-675 

22-525 

27-571 
32-824 
38*302 
41-021 
49-991 

56-218 
62-721 
69-509 
76-605 
84-033 

91-821 
38 


1 
2 
8 
4 
6 

6 
7 
8 
9 
10 

11 
12 
13 
14 
16 

16 

16 
14 
13 
12 
11 

10 
9 
8 
7 
6 

6 

4 
8 
2 
1 


34 


35 


36 


37 


91-465 
83-338 
75-586 
68-182 
61-098 

54*313 
47-814 
41-585 
35-617 
29-901 

24-419 

19-153 

14092 

9-218 

4-523 


38 


91061 
82-549 
74-430 
66-675 

69-255 
52-149 
45-342 
38-818 
32-567 

26-580 
20-839 
15-324 
10023 
4-918 


39 


90-598 
81-646 
73-107 

64-951 
57-148 
49*674 
42-515 
35-654 

29*079 
22-783 
16*744 
10-944 
5-369 


90-065 
80-605 

71-582 
62-963 
54-717 
46*818 
39-254 

32-003 
25-055 
18-402 
12021 
5*892 


40 


89-443 

79*390 
69-802 
60-644 
51-882 
43-489 

35*451 
27*746 
20*364 
13*294 
6-513 


88-707 
77-955 
67*699 
57-902 
48*530 

39-552 
30*954 
22*713 
14*816 
7-253 


87-824 
76*231 
65*173 
54*610 

44*504 
34*825 
25*554 
16*668 
8154 
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39 


38 


37 


36 
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1 


20 


2Z 


22 


23 


24 


25 


26 


27 


Dora- 
Uou. 

1 


1-434 


1-476 


1*549 


1*648 


1-758 


1-865 


1-975 


2-078 


2 


2-889 


3-002 


3-172 


3-377 


3-591 


3-804 


4-012 


4-218 


2 


8 


4-394 


4-601 


4-874 


5-180 


5*495 


5-803 


6-111 


6-425 


8 


4 


5-969 


6-278 


6*649 


7-053 


7-459 


7-862 


8*273 


8-699 


4 


6 


7-622 


8-026 


8-493 


8-984 


9-482 


9-984 


10*502 


11053 


6 


6 


9-346 


9-843 


10-394 


10-974 


11*567 


12-172 


12*810 


13-493 


6 


7 


11136 


11-717 


12-353 


13024 


13*716 


14-437 


15-202 


16024 


7 


8 


12-983 


13-647 


14-372 


15138 


15-941 


16-784 


17-682 


18-647 


8 


9 


14-885 


15-636 


16-453 


17-327 


18-247 


19-218 


20-254 


21-364 


9 


10 


16-846 


17-686 


18-607 


19-594 


20-638 


21-742 


22-917 


24-176 


10 


11 


18-866 


19-809 


20*840 


21-946 


23-118 


24-355 


25-674 


27086 


11 


12 


20-959 


22-009 


23155 


24-385 


25-685 


27*060 


28-526 


30-104 


12 


18 


23-127 


24-290 


25-556 


26-910 


28-343 


29-860 


31-485 


33-239 


18 


14 


25-375 


26-655 


28-042 


29*523 


31093 


32-763 


34*558 


36-502 


14 


16 


27-707 


29-104 


30-615 


32-228 


33-945 


35-779 


37-757 


39-904 


16 


16 


30-121 


31*639 


33-278 


35*034 


36-908 


38-918 


41*092 


43-448 


16 


17 


32-620 


34-263 


36010 


37-948 


39-992 


42-190 


44-565 


47-135 


17 


18 


35-206 


36-98 if 


38-909 


40-981 


43-207 


45-599 


48-179 


50-972 


18 


19 


37-888 


39-811 


41-895 


44143 


46-556 


49-146 


51-940 


54-961 


19 


20 


40-674 


42-753 


45-008 


47-436 


50-040 


52-837 


55-851 


59-109 


20 


21 


43-574 


45*820 


48-251 


50-863 


53-606 


56-674 


59-917 


63-432 


21 


22 


46-597 


49-014 


51-62^4 


54-429 


57-436 


60*665 


64-154 


67-943 


22 


23 


49-746 


52-338 


55-136 


58-138 


61-357 


64-823 


68-577 


72-659 


28 


24 


53-022 


55-798 


58-786 


61*993 


65-441 


69-163 


73-199 


77-599 


24 


26 


56-432 


59-394 


62-582 


66-011 


69-705 


73-699 


78-a42 


82-782 


26 


26 


59-977 


63-134 


66-537 


70*204 


74-162 


78-451 


83-123 


88-228 


26 


27 


63-663 


67-031 


70-666 


74-587 


78-830 


83-437 


88-460 


93-957 


27 


28 


67-504 


71-099 
75-350 
79-804 

84-477 


74-981 
79-501 


79-179 
83-997 


83-729 

88-874 


88-675 


94-077 


27 




29 


71-513 


94-187 


26 


'" 




30 
81 


75-704 
80-094 


84-245 
89-227 


89-058 
94-383 


94-289 
24 


26 




44 








32 
88 
84 


84-700 

89-539 

94-630 

20 


89-386 
94-552 

21 


94-470 
22 


28 


47 


46 


4S 


88-570 
77-731 
67-431 
57-626 
48-282 

39-362 
30-828 


10 
9 
8 
7 
6 

6 

4 


48 


87-675 
75*988 
64-882 
64-310 

44-235 
34-616 


49 


86-583 
73-862 
61-772 

50-263 
39-294 


SO 


85-222 
71-210 

57-894 
45-217 




83-476 
67*807 


81*150 


4 


• • • 


77-899 


63-276 


52-917 


8 


• ■ • 


56-942 


46-290 


38-742 


33-136 


28-824 


25-414 


22-652 


8 


2 


• • • 


37-026 


30*121 


25-233 


21-604 


18-808 


16-598 


14-805 


2 


1 


• • • 


18-068 


14*710 


12-337 


10-571 


9*211 


8*137 


7*268 


1 




SO 


49 


48 


47 

1 


46 


4S 


44 
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26 


29 


30 


1 


2186 


2-303 


2-430 


2 


4-439 


4-677 


4*947 


8 


6-761 


7-136 


7-554 


4 


9166 


9-683 


10*258 


5 


11-658 


12*325 


18062 


6 


14-241 


15-064 


15*965 


7 


16-921 


17*901 


18*970 


8 


19-695 


20*836 


22080 


9 


22-567 


23-875 


25*305 


10 


25-539 


27*026 


28*656 


11 


28*621 


30*299 


32-143 


12 


31-822 


33-706 


35*778 


18 


35155 


37-258 


39-565 


14 


38-629 


40-957 


43*505 


16 


42*248 


44-806 


47*606 


16 


46013 


48-812 


51-869 


17 


49-931 


52-977 


56-302 


18 


54-005 


57-308 


60-921 


10 


58-242 


61*821 


65-742 


20 


62*656 


66-531 


70-782 


21 


67*263 


71-454 


76-061 


22 


72-078 


76*612 


81*600 


28 


77124 


82024 


87-419 


24 


82-417 


87*709 


93-542 


25 


87*978 

93*829 
28 


93*691 
29 


80 


26 






41 




A^% 


42 


90-484 
81-460 
72-885 




43 


89-945 
80-410 


11 


89*315 


10 


79*183 


71-350 


64*721 


9 


69-555 


62724 


56*942 


8 


60*389 


54-504 


49-515 


7 


51*653 


46-657 


42-410 


6 


43*315 


39*150 


35*608 


6 


35*337 


31*957 


29*070 


4 


27*694 


25055 


22*787 


3 


20-359 


18*416 


16*744 


2 


13*304 


12*031 


10-938 


1 


6-519 


5*896 


5*358 




43 


42 


41 



2*579 

5-252 

8-023 

10-897 

13-872 

16-952 
20*139 
23*445 
26-879 
30-453 

34*179 
38060 
42-098 
46-301 
50*670 

55-214 
59*948 
64-889 
70-055 
75-465 

81-142 
87106 
93-382 

31 



32 



40 



90-949 
82-866 
74-210 
66-446 

59*046 
51*983 
45-225 
38-751 
32-587 

26-561 

20-814 

15-291 

9-984 

4-888 



40 



2*743 

5*588 

8-538 

11-592 

14-758 

18025 
21-418 
24-943 
28-612 
82-436 

36-420 
40-565 
44-879 
49-364 
54-028 

58-887 
63-960 
69-262 
74-815 
80*643 

86-765 

93-206 

82 



39 



91-355 
83-157 
75-367 
67*951 
60-883 

54*136 
47-682 
41-498 
35-563 
29*855 

24-865 

19-091 

14-021 

9-154 

4-485 



39 



33 


34 


35 


Ban- 
Uon. 


2*925 


3124 


8*340 


1 


5-958 


6-360 


6-796 


2 


9-098 


9-708 


10-373 


8 


12-349 


18-173 


14-088 


4 


16*718 


16-768 


17-937 


5 


19*202 . 


20-501 


21*948 


6 


22*826 


24-386 


26130 


7 


26-598 


28*438 


30-485 


8 


80*581 


32-657 


85*017 


9 


34*627 


37047 


39*784 


10 


88*889 


41-617 


44-687 


11 


43*824 


46-367 


49*737 


12 


47*936 


51-307 


55-050 


13 


52-731 


56-454 


60-595 


14 


57-728 


61-827 


66-892 


15 


62-948 


67*442 


72-464 


16 


68-394 


73-325 


78*836 


17 


74105 


79-497 


85-529 


18 


80097 


85-981 


92-572 


19 


86-391 

93-015 
88 


92-804 
34 


35 








36 






37 






38 




92-316 


18 






92-081 
84-474 


85-029 
78-105 


17 
16 


91*713 


83-854 


77-293 


71*613 


15 


76-887 


70-457 


65*281 


14 


69-278 


63*942 


69*284 


13 


62-503 


67-722 


63*497 


12 


56-035 


51-772 


48-000 


11 


49-848 


46-072 


42-725 


10 


43-919 


40-601 


37-651 


9 


38-230 


35-339 


32-772 


8 


32-759 


30-279 


28-084 


7 


27*496 


25-417 


28-577 


6 


22*440 


20*744 


19-251 


5 


17-580 


16-257 


15101 


4 


12-914 


11-953 


11-116 


3 


8-439 


7-819 


7-276 


2 


4-140 


3-838 


8-576 


1 


38 


37 


36 
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21 


23 


?3 


M 


35 


26 


27 


28 


I>1U»- 

Uan. 


1 
2 
8 

4 
6 

6 

7 

8 

9 

10 

11 
12 
18 
14 
16 

16 
17 
18 
19 
20 

21 
22 
28 
24 
25 

26 
27 
28 
29 
80 

81 
82 
83 
34 
85 

86 
87 
88 
89 

4 
8 
2 

1 


1-168 
2-347 
3-563 
4-838 
6-178 

7-575 

9-026 

10-518 

12-050 

13-624 

15-240 
16-910 
18-636 
20-422 
22-271 

2i-l79 
26-146 
28-175 
30-273 
32-446 

34-702 
37-051 
39-493 
42023 
44-649 

47-364 
50-171 
53-077 
56-095 
59-232 

62-501 
65-914 
69-480 
73-207 
77-112 

81-210 
85-521 
90070 
94-885 
20 

55 


1192 
2-428 
8-718 
5-069 
6-488 

7-951 

9-461 

11-010 

12-603 

14-238 

15-927 
17-674 
19-482 
21-352 
23-283 

25-273 
27-326 
29-449 
31-648 
33-931 

36-307 
38-777 
41-338 
43-995 
46-742 

49-582 
52-523 
55-576 
58-750 
62-058 

65-512 
69-119 
72-891 
76-842 
80-988 

85-349 

89-952 

94-825 

21 


1-245 
2-551 
3-928 
5-354 
6-840 

8-368 

9-936 

11-518 

13-203 

14-913 

16-681 
18-510 
20-403 
22-357 
24-371 

26-449 
28-598 
30-823 
33-133 
35-538 

38039 
40-630 
43-319 
46099 
48-973 

51-950 
55-040 
58-253 
61-600 
65095 

68-747 
72-563 
76-562 

80-758 
85-173 

89-831 
94-762 

22 


1-322 
2-712 
4-161 
5-666 
7-218 

8-801 
10-433 
12-109 
13-aiO 
15-630 

17-483 
19-399 
21-378 
23-418 
25-522 

27-698 
29-951 
32-290 
34-726 
37-257 

39-882 
42-601 
45-420 
48-330 
51-344 

54-473 
57-726 
61-116 
64-655 
68-353 

72-218 
76-267 
80-516 
84-986 
89-703 

94 696 
23 


1-408 
2-877 
4-402 
5-969 
7-579 

9-233 
10-931 
12-686 
14-500 
16-377 

18-319 
20-324 
22-392 
24-524 
26-729 

29-012 
31-383 
33-851 
36-417 
39-076 

41-835 
44-688 
47-637 
50-692 
53-863 

57-160 
60-595 
64-182 
67-929 
71-845 

75-949 
80-254 
84-784 
89-565 
94-625 
24 


1-489 
3-036 
4-626 
6-259 
7-936 

9-659 
11-438 
13-278 
15183 
17-152 

19-186 
21-283 
23-416 
25-682 
27-998 

30-403 
32-906 
35-508 
38-206 
41001 

43-898 
46-889 
49-988 
63-204 
56-548 

60-032 
63-670 
67-470 
71-443 
75-605 

79-972 
84-567 
89-416 
94-548 

26 


1-670 
3-184 
4-841 
6-544 
8-293 

10-099 
11-967 
13-900 
15-900 
17-965 

20-093 
22-288 
24-559 
26-909 
29-351 

31-892 
34-533 
37-272' 
40-112 
43050 

46-086 
49-232 
52-497 
55-891 
59-428 

63121 
66-979 
71-011 
75-236 
79-670 

84-331 

89-256 

94-166 

26 


1-640 
8-823 
6-053 
6-830 
8*665 

10-563 
12-527 
14-558 
16056 
18-818 

21049 
23-355 
25-744 
28-224 
30-805 

33-489 
36-271 
39-157 
42141 
45-227 

48-422 
51-739 
55-187 
58-781 
62-532 

66-452 
70-549 
74-841 
79-345 
84-084 

89-085 

94-378 

27 


1-711 
3-470 
5-277 
7-142 
9-072 

11068 
13-134 
15-266 
17-465 
19-732 

22077 
24-505 
27-027 
29-652 
32-380 

35-208 
38143 
41-177 
41-313 
47-562 

50-934 
54-440 
58-093 
61-908 
65-893 

70-058 
74-422 
79-001 
83-819 
88-903 

94-281 
28 


1 

2 
8 

4 
6 

6 

7 

8 



lO 

11 
12 
13 

14 
16 

16 

17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 

12 
11 

10 
9 

8 
7 
6 

5 

4 
8 
2 

1 


47 


48 

89-099 

78-837 
69-142 
59-956 
51-222 
42-900 

34-957 
27-858 
20-084 
18-117 
6-432 


49 


50 


89-735 
80-072 

70-942 
62-291 
54067 
46-231 
38-761 

31-596 
24-746 
18-186 
11-890 
6-834 


51 


52 


88-350 
77-382 
67021 
67-202 
47-869 

88-976 
80-486 
22-366 
14-691 
7-146 


53 


87-453 
75-642 
64-483 
63-909 

43-858 
34-280 
26-137 
16-391 
8-019 


54 


86-360 
73-519 
61-887 

49-891 
38-964 
28-651 
18-611 
9-102 


84-994 
70-867 

67-520 
44-873 
82-852 
21-396 
10-461 


88-241 

67-468 
52-667 
88-433 
26-007 
12-213 


80-909 
62-937 
45-967 
29-868 
14-574 


77-652 
66-614 
86-788 
17-908 

55 


54 


53 


52 


51 


50 


49 


48 


47 
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H*» 3i per. 


cent — Death or 60 — (continued). 








s? 


29 


30 


31 


32 


33 


34 


35 


36 


37 


Dam- 
tton. 


! 

1 
! 


1 

2 
8 

4 
5 

6 

7 

8 



10 

11 
12 
18 
14 
15 

16 
17 
18 
10 
20 

21 
22 
28 
24 
25 


1-790 
3-627 
5-526 
7-488 
9-520 

11-621 
13-791 
16-028 
18-335 
20-720 

23-191 
25-756 
28-427 
31-203 
34-080 

37065 
40152 
43-3 W 
46-6-19 
50-080 

53-647 
57-364 
61-244 
65-299 
69-537 

73-976 
78-635 
83-537 
88-709 
94184 
20 


1-871 
3-804 
5-803 
7-871 
10-011 

12-220 
14-498 
16-8 i7 
19-276 
21-791 

24-403 
27-123 
29-91.9 
32-879 
35 919 

39-062 
42-311 
45-677 
49-170 
52-802 

56-587 
60-538 
64-666 
68-981 
73-502 

78-246 
83-237 
88-504 
94078 
80 


1-970 
4-006 
6114 
8-295 
10-546 

12-867 
15-261 
17-736 
20-300 
22-962 

25-733 
28-613 
31-599 
34-697 
37-900 

41-211 
41-641 
18-201 
51-902 
55-759 

59-786 
63-993 
68-390 
72-997 
77-831 

82-917 

88-28 1 

93-965 

31 


2078 
4-228 
6-452 
8-749 
11-116 

13-558 
16083 
18-699 
21-414 
24-241 

27179 
30-225 
33-385 
36-652 
40-030 

43-528 
47160 
50-936 
54-870 
58-978 

63-269 
67-755 
72-454 
77-386 
82-574 

88-049 
93-844 


2-196 
4-467 
6-813 
9-230 
11-724 

14-303 
16-974 
19-747 
22-633 
25-631 

28-741 
31-971 
35-308 
38-758 
42-330 

46-039 
49-895 
53-912 
58107 
62-190 

67-071 
71-870 
76-906 
82-201 
87-795 

93-713 
33 


2-322 
4-720 
7193 
9-742 
12-379 

15-109 
17-945 
20-896 
23-061 
27145 

30-444 
33-856 
37-383 
41-035 
41-828 

48-770 
52-878 
57167 
61-648 
66-331 

71-238 
76-387 
81-805 
87-521 
93-572 
34 


2-455 

4-986 

7-596 

10-296 

13-091 

15-994 
19016 
22156 
25-413 
28-790 

32-283 
35 894 
39-634 
43516 
47-552 

51-757 
56-149 
60-736 
65-531 
70-554 

75-826 
81-372 
87-225 
93-420 

36 


2-595 

5-271 

8-038 

10-901 

13-879 

16-977 
20-197 
23-535 
26-998 
30-579 

34-280 
38-114 
42-091 
46-232 
50-543 

55045 
59-747 
61-663 
69-813 
75-218 

80-903 

86-903 

93-254 

36 


2-747 

6-588 

8-530 

11-585 

14-766 

18-071 
21-498 
25-053 
28-730 
32-530 

36-466 
40-552 
44-799 
49-226 
63-847 

68-675 
63-722 
69-009 
74-557 
80-394 

86-554 
93-074 

87 


1 

2 
8 
4 
5 

6 

7 

8 



10 

11 
12 
13 
14 
15 

16 
17 
18 
10 
20 

21 
22 

21 

20 
19 
18 
17 
16 

15 
14 
18 
12 
11 

10 
9 
8 
7 
6 

5 

4 
8 
8 

1 




38 




39 

92-664 
85-758 
79-234 
73-051 
67-175 

61-575 
56-229 
51-115 
46-220 
41-532 

37033 
32-705 
28-536 
24-511 
20-617 

16-852 

13-222 

9-721 

6-362 

3-116 


26 
,27 


40 


41 


92-879 

86-174 
79-841 
73-839 
68-134 
62-697 

57-508 
52-543 
47-791 
43-210 
38-872 

34-671 
30-624 
26-716 
22-936 
19-281 

16-757 

12-358 

9-088 

6-946 

2-921 


32 


42 


29 
30 


- 


92-428 
85-300 
78-566 
72-185 

66-119 
60-339 
54-821 
49-543 
41-490 

39-651 
35008 
30-540 
26-237 
22-083 

18-064 

14177 

10-431 

6-817 

3-340 


44 


43 


92-167 
81-792 
77-825 

71*224 
64-948 
58-968 
53-260 
47-800 

42-572 
37-566 
32-762 
28-140 
23-689 

19-391 

15-233 

11-212 

7-336 

3-597 




13 
12 
11 

lO 


8 
7 
6 

6 

4 
8 
8 

1 


45 


91-874 
84-225 

76-998 
70-150 
63-610 
57-437 
51-516 

45-852 
40-430 
35-237 
30-253 
25-459 

20-841 

16-383 

12070 

7-899 

8-878 




91-517 

83-588 
76-070 
68-915 
62-173 
55-720 

49-560 
43-667 
38-026 
32-624 
27-439 

22-451 

17-647 

13-009 

8-522 

4-188 




46 




91-178 
82-872 
75-025 
67-590 
60-522 

63-787 
47-358 
41-208 
35-321 
29-682 

24-271 

19066 

14052 

9-212 

4-629 




90-759 
82-060 
73-841 
66-052 

58-650 
51-595 
U'SGl 
38419 
32-253 

26-347 

20-679 

15-227 

9-976 

4-905 




90-282 
81-134 
72-491 

64-301 
56-517 
49098 
42-017 
35-243 

28-758 
22-548 
16-588 
10-855 
6-332 






46 


45 


44 


43 


43 


41 


40 


39 


38 
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Original Tables, 



[Jan. 



H** 3i per-cent — Death or 66. 



DniA- 
tion. 


ao 


at 


a* 


•3 


M 


H 


a6 


«7 


' a8 


•9 


30 


Dura- 
tion. 




•990 


1002 


1-042 


1-106 


1-178 


1-243 


1-305 


1-356 


1-407 


1-461 


1*518 


1 




1-981 


2-034 


2 137 


2-270 


2-406 


2-532 


2-644 


2-744 


2-848 


2-967 


8-082 


8 




3-003 


3-117 


8"289 


3-485 


8-680 


3-854 


4-014 1 


4-166 


4-322 


4-498 


4-695 


8 




4 076 


4-258 


4-491 


4-745 


4-986 


5-206 


5-416 , 


5-620 


6-841 


6-088 


6-362 


4 




5-205 


5-448 


5-738 


6-037 


6-323 


6-592 


6-852 ' 


7-119 


7-408 


7-730 


8-081 


6 




6-883 


6-682 


7 016 


7-359 


7-691 


8-009 


8-831 1 


8-665 


9-029 


9*424 


0-861 


6 




7-605 


7i>47 


8-324 


8-713 


9-093 


9-470 


9-857 


10-262 


10-698 


11-169 


11-670 


7 




8-858 


9-243 


9-664 


10-099 


10-536 


10-977 


11-434 


11-910 


1*2-418 


12-960 


18-542 


8 




10141 


10-569 


11-035 


11-526 


12-025 


12-534 


13-060 


13 606 


14-184 


14-805 


15-463 


9 




11-454 


11-926 


12 448 


12-9W> 


13-564 


14140 


14-734 


15-349 


16-004 


16-698 


17-451 


10 




12-798 


13-325 


13-905 


14-520 


16151 


15-794 


16-454 


17-143 


17-870 


18-657 


19-510 


11 




14 182 


14 768 


15411 


16-089 


16-785 


17-492 


18-2-25 


18-98 1 , 


19-801 


•20-68r5 


21-649 


18 




15-«)11 


16-258 


16-964 


17-705 


18-464 


19-241 


-20-042 


20-889 


21-802 


22-794 


23-86S 


18 




17-087 


17-796 


18-563 


19-365 


'20-192 


21035 


•2ri>*22 


'22-862 , 


23-881 


24-980 


•26-160 


14 




18-60i) 


19-379 


20-206 


21-075 


•21-965 


22-892 


23-869 


24-913 ' 


26-036 


27-239 


28-528 


15 




20-177 


21-005 


21-897 


22-8-28 


23-800 


24-815 


•25-893 


27-039 


'28-263 


29-572 


30-9(J3 


16 




21-787 


22-680 


23-633 


•24-643 


25-700 


26-814 


27-i»91 


29 "2;j6 


30-563 


31-972 


33-464 


17 




23-445 


•24-3<.l8 


25-428 


26-5-22 


27-676 


•28-886 


30-160 


31-505 ' 


32-9*29 


34-436 


36036 


18 




25 146 


26-175 


•27-288 


28-476 


29-724 


31-028 


32-399 


83-839 


35 -358 


36-971 


38-691 


19 




26lH)6 


■28-016 


29-221 


30-501 


31-840 


33-239 


34-702 


86-235 


37-858 


39-587 


41-432 


80 




•28-729 


29 930 


31-2-25 


32-594 


34-025 


35-514 


37-067 


38-701 


40-437 


42-287 


44-271 


81 


88 


30-624 


31-914 


33-296 


34-755 


36-273 


37-850 


39-501 


41-245 


43-099 


45-085 


47-219 


88 


88 


32-588 


3.1-964 


:i5-435 


36-978 


38-581 


40-253 


42-012 


43-871 


45-858 


47-990 


50-277 


83 


84 


34-618 


:k5-082 


37-635 


39-261 


40-956 


42-732 


44-604 


46-592 


48-722 


51-004 


63-450 


84 


86 


JJ6-714 


38-260 


39-894 


41-609 


43-406 


45-292 


47-289 


49-417 


51-693 


54-130 


56-744 


85 


86 


38-871 


40-496 


42-218 


44-032 


45-93<5 


47-944 


50-077 


52-348 


54-775 


57*377 


60-171 


86 


87 


41-085 


42-796 


44-616 


46-534 


48-557 


50-698 


52-971 


55-389 


57-976 


60*753 


63-741 


87 


88 


43-;<(>:i 


45-170 


47-092 


49-1-26 


61-278 


53-555 


55-971 


58-546 


61-306 


64-271 


67-470 


88 


89 


45 713 


47-621 


49-657 


51-817 


54-102 


56-518 


59-087 


61-830 


64-773 


67-945 


71-376 


89 


80 


48-140 


50161 


52-319 


54-609 


57-030 


59-59(5 


62*328" 


66-251 


68-396 


71*794 


75*477 


80 


81 


50-654 


52-797 


56-083 


57-505 


60072 


62-797 


65-705 


68-825 


72-191 


75-835 


79-797 


81 


88 


53-2tU 


55-532 


57-948 


60-513 


63-235 


66-131 


r)9-232 


72-568 


76-175 


80-W3 


84-368 


88 


88 


65 973 


58-:W9 


60-925 


63-6 U 


66-530 


69-614 


72-926 


76-498 


80-373 


84-596 


89-2-25 


88 


84 


58-781 


61-316 


(U-020 


66-900 


69-972 


73-263 


76-805 


80-639 


84-813 


89-383 


94-417 


84 


86 

88 
87 
88 

89 
40 

41 


61-699 
64-733 


64-tWl 

67-573 
70-908 
74-401 
78 069 
81-933 

86020 


67-245 

70-613 
74-142 
77-847 
81-750 
85-878 

90-266 


70-304 
73-870 


73-578 
77*363 


77-093 

81-129 
85-398 
89-9:i5 
94-785 


80-892 

85-214 
89-809 
94-7-20 

86 


85 019 

89-674 
94-650 

87 


89-532 

94-576 
86 


94-490 
89 


80 






67-894 
71-196 
74-654 
78-286 

82-111 


77-614 
81-558 
85-7:«) 
90-164 

94-904 


81-:<51 

85-570 
90-054 


5« 


5> 


18 
18 
U 


94 84i 
84 


86 




54 


53 

88-772 


89-423 
79-586 


89-982 
80-666 
71-949 


48 


86-158 


90-364 


94-957 


88 




5 


55 














48 
44 


90 459 

95-057 

80 


95-007 


88 




S7 


56 


fi7*no<i 


88-007 
76-854 
66-418 
56-601 
47-820 

38-510 


78-330 
68-561 
69-370 
50-680 
42-482 

34-576 


70-383 
61-724 
58-539 
45-769 
38-368 

31-303 


63-749 
55*996 
48*637 
41*6*28 
84-937 

28-631 


10 
9 
6 

7 
6 

8 


-JL^ 




ss 


9/ 

84-603 
70-284 

56-887 


85-983 
72-947 
60*751 

49-277 


0/ W«J 

75-090 
63-860 
53-295 

48-307 






6o 


59 


82-838 
' 66-878 


80*496 




4 


• ■ 


77-234 


62-358 


' 51-945 


44-283 


88-429 


33-826 


30-118 


27-077 


•24-540 


22*383 


4 


8 


« a 


66-062 


45-387 


, 37-897 


1 32-367 


28-132 


24-795 


22-108 


19-898 


18-048 


16-470 


8 


8 


• • 


36-254 


29-4*22 


1 24-615 


21-057 


18-324 


16-175 


14-440 


13-006 


11-806 


10-778 


8 


1 


• • 


17-618 


14-328 


12-008 


10-284 


8-962 


7-922 


7-078 


6*380 


5-795 


5*289 


1 






<o 


59 


SB 


57 


56 


55 


54 


53 


5« 


SI 
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tioo. 


31 


3« 


33 


34 


3S 


36 


37 


^ 


39 


40 


IhxrJ 
Htm. 


1 


1-588 


1-665 


1-749 


1 
1-886 


1*926 


2-017 


2*120 


2-222 


2-351 


2*494 


1 


S 


3-220 


3*386 


3-553 


3-7*26 


3-904 


4-094 


4-296 


4-521 


4787 


5-086 


8 


S 


4-919 


5-158 


5*410 


5-668 


5-941 


6-225 


6-545 


6-902 


7-318 


7*774 


8 


4 


6-664 


6-985 


7-318 


7-668 


8-031 


8-430 


8-876 


9-377 


9-942 


10-551 


4 


6 


8-462 


8-861 


9*283 


9-719 


10-193 


10*714 


11-298 


11-943 


12-654 


13-419 


ft 


a 


10-306 


10-793 


11-299 


11*842 


12-433 


13*087 


13-810 


14-595 


15-456 


16-369 


6 


7 


12-210 


12-775 


13-384 


14-041 


14-761 


15-548 


16*405 


17*333 


18-335 


19898 


7 


8 


14-160 


14-826 


15-544 


16-3-26 


17*175 


18-091 


19-086 


20-150 


21-293 


22-515 


8 


9 


16-178 1 


16-950 


17-790 


18-696 


19*669 


20-718 


21*843 


23-042 


24*336 


25-730 


9 


10 


18-269 


19158 


20-118 


'21 -143 


22-245 


23*419 


24-673 


26-017 


27*476 


29-060 


10 


11 


20-442 


21-447 


22-523 


28-672 


24-894 


26*193 


27-586 


29-088 


80*718 


32-490 


11 


u 


22-695 


23*813 


25-007 


26*273 


27*614 


29 046 


30-501 


32-258 


34 077 


36-061 


18 


IS 


25*022 


26-255 


27-562 


28-943 


30*413 


31*991 


33*694 


35-542 


37-564 


39-766 


IS 


14 


27-426 


28*768 


30-186 


31-690 


33-301 


35 031 


36*908 


38-951 


41*182 


43-609 


14 


15 


29-899 


31-348 


82-885 


34-525 


36*282 


38-181 


40-245 


42*489 


44-935 


47 600 


1ft 


16 


32-438 


34-002 


35-671 


87-452 


39*372 


41-451 


43*708 


46-158 


48-832 


51-752 


16 


17 


35-050 


36-742 


38*546 


40*484 


42*678 


44*844 


47-300 


49*969 


52*886 


56-076 


17 


18 


37-746 


39-569 


41*525 


43-632 


45-906 


48*363 


51*030 


58*933 


57-1U8 


60-693 


18 


19 


40-529 


42-499 


44*618 


46*899 


49*357 


52-018 


54-909 


58-062 


61*519 


66-325 


19 


80 


43-412 


45*540 


47*828 


50-287 


52-942 


56-819 


68*961 


62*374 


66*140 


70*293 


80 


81 


46*405 


48*696 


51*156 


63-806 


56-670 


59-779 


68*172 


66-892 


70-991 


76 527 


81 


88 


49-511 


51*969 


54*614 


67-465 


60-563 


63-915 


67-594 


71-636 


76102 


81-063 


88 


88 


52-732 


55*869 


58-209 


61-277 


64-610 


68-248 


72-237 


76-633 


81-508 


86-947 


28 


84 


56-078 


58-906 


61-955 


65-259 


68-859 


72-797 


77*129 


81-919 


87*264 


93-237 


8ft 


8ft 
86 


59-557 
68182 


62*588 
66-485 


65*867 
69-966 


69*431 
73*811 


73-321 
78-021 


77-590 
82*659 


82-302 
87*802 


87*538 
03-543 


93*396 
89 


40 


• 




87 


66*968 


70*466 


74-269 


78-425 


82-993 


88-048 


93-680 


as 








88 
89 
SO 

81 


70*935 
75-099 
79-486 

84-127 


74*697 
79155 
83-871 

88*883 


78-802 
83 598 
88-694 

94142 
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OEIGINAL TABLES. 



ON THE CONSTRUCTION OP TABLES OF VALUES OP 
ENDOWMENT ASSURANCE POLICIES. 

To the Editor of the Journal of the Institute qf Actuaries. 

Sill, — In sending you, for publication, a further instalment of 
Tables of Endowment Assurance Policy-values according to the 
H** Table, permit me, in the first place, to point out a slight typo- 
graphical error in the paper which accompanied the former portion 
of the tables. On page 370, vol. xxii, the formula for the value of 

^nVxt should read n ^ — ■ , instead of n ^^— , 

as there printed. 

I may also take this opportunity of pointing out certain checks 
upon the accuracy of the preliminary stages of the work, which I 
have found it advisable to introduce. Referring to the table given 
on the lower part of the page just referred to, the accuracy of column 
(2) may be proved by observing that its sum must be equal to 
Si,— S49--3ON49. Column (3) may be checked by an independent 
calculation in logarithms, using seven-figure logarithms, at least as 
far as age 37, after which point six figures wiU be quite sufficient, 
as the annuity- values after that age consist of only five figures in all. 
The requisite logarithms or cologarithms of Dx to six places can be 
taken direct from the Institute Tables. The correctness of column (4) 
may be proved by constructing it from the last age backwards ; then 
the number in this column opposite age 20 should be equal to the 
result of the direct summation of all the numbers in column (3) from 
age 21 onwards. The correctness of the reciprocals in column (5) 
can easily be proved by multiplying each one, as it comes into use on 
the machine, by the corresponding annuity-value, before going on to 
calculate the column of policy-values. Column (6) may be proved 
by addition, its sum being equal to the difference between the first 
and last numbers in column (3) . 

I am, 

Yours, 4&C., 

Sydney, N.8.W., D. GARMENT. 

7 September I88I. 
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On a Certain Method of Distributing the Surplus among the 
Assured, and the Construction of an Equitable Scale of Office 
Premiums with reference thereto. By H. W. Manly, Actuary 
to the Mutual Life Assurance Society, and Fellow of the 
Institute of Actuaries, 

[Read before the Institate, 30 Jan. 1882.] 

It is not my intention in this paper to travel over the same 
ground as that followed by Mr. Sprague in his paper in the 
7th vol. of the Journal, p. 61, " On Certain Methods of Dividing 
the Surplus among the Assured in a Life Assurance Company ; 
and on the Rates of Premium that should be Charged to Render 
them Equitable^', and that by Mr. Tucker, in the 9th vol., 
p. 245, '' On the Rates of Premiums Required to Provide certain 
Periodical Returns to the Assured^', although the changes which 
have been introduced into the methods described by both writers, 
and the increased knowledge we possess of life assurance mortality 
statistics, would fully justify a revision and extension of their 
labours. Such a work, if undertaken, would fully repay the time 
spent upon it, and would prove a valuable addition to the informa- 
tion we already possess upon a very important subject. 

VOL. ZXIII. R 
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Both the above-mentioned gentlemen enlarged upon what 
" H. A. S.", in the 8th vol. of the Jowmal, p. 167, describes as 
'^ The incongruity existing between the rates of premium charged 
at certain ages and the benefits accruing therefrom " ; and they 
have shown that when the net cost of the assurances and bonuses 
is calculated upon a certain basis, the figures differ, often very 
materially, from those of the premiums charged. My paper 
to-night has reference not only to a method of distributing the 
surplus which is not mentioned in either of those papers, and, 
so far as I am aware, has never been described in any scientific 
work, but also to the construction of a set of office Tables which 
have been calculated throughout upon strict principles, and, 
moreover, are in actual use. 

The office referred to was established nearly half a century 
ago upon the mutual system, and the founders started with the 
fundamental proposition that in such an institution it was neces- 
sary, before all things, to secure the due payment of the sum 
assured at the death of every member. The contract, therefore, 
made by the members with each other, was for the payment of 
certain fixed sums at death and nothing more, and the whole of 
the funds of the office were to be a guarantee for the due payment 
thereof; but, as the premiums charged had to be loaded to cover 
all possible expenses and contingencies, and were, therefore, 
admittedly larger than necessary to secure those sums, provision 
was made that at the death of every member, his share of the 
then existing surplus (if any) should be paid with the sum assured, 
the only condition being that he should have paid two full annual 
premiums. In order, then, that the relatives of each member 
should get his exact share of this surplus, it was necessary to 
know, first of all, the total actual surplus existing at his death. 
Frequent valuations were thus required, and it was provided that 
these should be made at the end of every year. 

The surplus ascertained by these valuations, however, was not 
to be deemed a separate fund, but only the temporary result of a 
mathematical division of the whole fund. The appropriation was 
to last for a year only, for at the end of that period the two funds 
were to merge into one, and an entirely new appropriation be 
made entirely independent of the results of any former valuation. 
Thus no bonus was to be guaranteed except for one year, and the 
amount payable at death with the sum assured was to be the 
share of the surplus ascertained by the last yearly valuation only. 
The question then arose — ^how was the share of the deceased 
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member to be calculated ? It was argued that each member 
contributed to the surplus every year a certain proportion of his 
premium^ and that since those yearly contributions were left to 
fructify at compound interest, therefore the share to which each 
was entitled was proportionate to the premiums he had paid 
accumulated at compound interest; and as all the calculations 
had been made at 3 per-cent, the rate of accumulation was fixed 
at that rate. Thus, in order to determine the share of each 
member as he died, it was necessary, first, to make an annual 
valuation; second, to accumulate all the premiums paid on the 
existing policies from the date of their grant at 3 per-cent com- 
pound interest; and third, to apportion the surplus rateably to 
those accumulations. If a poUcy were payable by a limited 
number of premiums, it was only to share in proportion to the 
premium that would have been paid for the whole of life. 

The principle of this method of distribution is probably 
unique, and I am not aware that there id another ofiice giving a 
bonus at death in which the surplus is treated on the same 
principle. It is in reality the principle of the '^ London Life " 
and ^' Metropolitan ^% applied to the increase of the sum assured 
at death instead of the diminution of the future premiums during 
life. 

Unhappily, in the early days of the institution, many offices 
in the anxiety to obtain increased new business, competed with 
each other in giving large bonuses, and the system in the office 
in question was materially altered by paying with the sum 
assured, not the member's ascertained share of the surplus, but 
that amount multiplied by the reciprocal of the value of a 
reversion at the age at which he died; — or, in other words, by 
paying in cash, if death occurred within a year, the amount which 
the deceased member's share would have purchased at the death 
of an average healthy life of his age. As no alteration was made 
in the method of calculating the reserves, the result was that the 
relatives of those who died early received considerably more than 
an equitable share of the surplus. The principles of equity upon 
which the whole system was professedly based, were thus altogether 
subverted ; and the office, in order to return again to those prin- 
ciples, has recently commenced a new series, in which the bonuses 
are to be calculated upon the original plan pure and simple. 

Now it is evident, if that plan is to be really equitable, that 
not only should the premiums be based on the rate of mortality 
existing among the members and the rate of interest realized on 

B 2 
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the funds^ bat they should be prepared with special reference to 
the manner in which the members are to participate in the sorplos. 
It was with the view^ therefore^ of inviting the public to join in 
a strictly equitable and mutual society^ that the new scale of 
premiums was calculated. 

When an actuary has to calculate a scale of premiums^ he has 
to keep two things in view: — 1st, the necessity of meeting 
competition; 2nd, the adjustment of the contributions to the 
benefits to be received. 

Whenever competition in trade is unhampered by protective 
duties or by official restrictions, the tendency is always to reduce 
prices to the lowest level consistent with a fair return of profit. 
Prices will vary for the same kind of article, according to the 
quality of the material and style of manufacture ; but they must 
all eventually follow the same economic law. In Life Assurance 
business, however, the competition is of another kind. Where the 
whole or the greater part of the profits are returned to the 
purchaser, the price is not, or ought not, to be very material, 
other conditions being equal. The attraction, therefore, which 
the competing offices first offered was not so much a variation in 
prices as a different form of benefit or a different mode of distri- 
buting profits; but it was soon found that the public as a class 
did not seek life assurance, and that instead of the public coming 
to the offices, the offices had to seek the public. The plan of 
employing agents and paying commission was first introduced; 
and the system has gradually developed into the employment of 
salaried agents, district superintendents, inspectors, paid canvassers, 
branch offices, &c., all of which means increased expenditure, to be 
paid eventually by the assured in the shape of reduced bonuses ; 
and thus the competition in life assurance, instead of reducing the 
price to the purchaser, has really had the effect indirectly of 
increasing it. Any attempt, however, to materially increase the 
charge directly would probably meet with failure, for there is a 
price at which the most seductive canvasser could not induce the 
public to assure, and that price is probably not very much in 
excess of the highest premiums now charged by the offices. The 
minimum price we know to be the prime cost of the article, plus 
the expenses. The limits, therefore, within which any practicable 
scale of premiums must fall, are fairly defined. 

At the same time, the actuary has to look to the scientific part 
of the question, and it is here that his skill is called into play. 
Certain benefits are to be offered, certain results have to be 
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attained^ and he must fearlessly declare that to secure them^ certain 
contributions must be obtained^ and certain methods must be pur- 
sued. Nothing with him should be left to chance. As a scientific 
man^ he should not dare to shelter himself behind the law of 
contract^ and plead that because a man enters into a bargain with 
his eyes open, knowing that for a certain premium he would get 
certain benefits, therefore he ought not to complain afterwards 
if the terms were inequitable I He should, for the time being, 
be above the letter of the law, and endeavour to produce out 
of the materials at his command, the most equitable arrangement 
possible. 

The first step in making a scale of premiums is to select the 
mortality table and rate of interest which are to form the basis of 
the calculations ; and it is a well-established principle that these 
should correspond as closely as possible with the ascertained or 
expected experience of the oflSce. The mortality experienced 
during 40 years by the office referred to in this paper was 
extracted, and it was found to follow so closely the Institute of 
Actuaries^ H^ Table, that that table was unhesitatingly selected. 
The rate T>f interest realized by the office had always exceeded 
4 per-cent, and as there seemed every prospect of that rate being 
realized for many years to come, it was adopted in the calcula- 
tions. 

The mortality table andnrate of interest being determined, the 
prime cost of the insurance was easily ascertained, but then came 
the important question, — how was the prime cost of the bare sum 
assured to be increased in order to produce an equitable scale of 
premiums for the benefits above described and provide for 
expenses ? The problem was somewhat unusual. In the first 
instance, the method of loading for expenses had to be deter- 
mined, — (in itself a vexed question) ; then came the provision 
for bonus, which, be it remembered, is calculated on the premiums 
actually chai'ged, accumulated at 3 per-cent compound interest ; 
and, finally, the scale produced had to be within the limits of 
competition. The two additions had thus to be determined with 
reference to each other and the premium charged. To illustrate it 
symbolically, let P be the pure or prime cost premium, e the 
loading for expenses, B the loading for bonus, and X the office 
premium, at present unknown. Then we have — 

P + e + B=X, 

where B is wholly dependent upon X, as may also be a portion of 
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e, which may have to some extent particular reference to the 
premium charged^ such as commission. 

If the exact relations of e and B to X were known^ the solu- 
tion of the equation would not be very difficulty but as they have 
to be ascertained by trial, and as^ moreover^ the relation of B to X 
is complex^ it is necessary^ in order to solve the problem^ to adopt 
the inverse process^ and assume a value for X, whereby the value 
of P can be found for the assumed value of X, and the solution be 
completed by proportion. 

The best value to adopt for easy manipulation is^ of course^ 
unity, and upon that basis a standard Table was calculated^ for 
every age at entry, of the present values of a bonus of 100 per- 
cent of the premium 1 accumulated at 3 per-cent compound 
interest to the year of death. No bonus was to be payable if 
death occurred in the first year, and therefore the probability of 
paying one in that year had to be omitted from the calculations. 
This value I propose to call B. 

My friend, Mr. R. P. Hardy, has pointed out to me that this 
problem is a particular case of a very general one, namely : — To 
ascertain the value of an assurance of the accumulated amount of 
a life annuity in advance up to the end of the year of death. This 
is a problem which has doubtless puzzled many of us ; but Mr. 
Hardy's solution is so ingenious, his demonstration is so clear, 
and the result is so striking, that I hftve begged the favor, which 
has been generously granted, to append it to this paper. 

The manner in which I obtained my values may seem cumber- 
some when compared with Mr. Hardy's neat formula ; but it so 
happened that every value tabulated in the process was required 
by me for another object, and therefore the labor was not thrown 
away. 

The following is the manner in which the table was calcu- 
lated : — 

Let ^(2), 0(3), 0(4), &c., represent the amount of 1 per annum, 

accumulated at 3 per-cent, at the end of 2, 3, 4, &c., 

years; 
/, the number living at the age of the assured at the date 

of the policy ; 
'rf, V, *rf, &c., the deaths occurring in the 2nd, 3rd, 4th, 

&c., years thereafter; and 
r*, t-*, r*, fee, the present value of 1 payable at the end 

of 2, 3, 4, &c., years, at 4 per-cent interest. 
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Then the value of B will be 



= 5 (%) 'C + fl(3)*C + fl(4)*C + &c.) . 



(1) 



A table of these values may be easily computed with the 
assistance of the arithmometer^ by placing the series of values 
within the bracket in vertical columns^ in such a manner that the 
successive values in each horizontal line shall be capable of 
assuming the form P-f QR.* 

The following diagram will best illustrate the position in 
which the values of aC must be placed as they are calculated : — 
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Now the series of values in a table of the amount of an annuity 
of 1^ are produced by the continuous summation of the amount 
of 1 at the end of 1^ 2, 3^ &c.^ years. Thus 

fl(2)=l + {l+t)=2 + t 

a(3) = l + (l + 0H-(l+«)'=«(2) + (l + i)' 

a(4)=l + (H-i) + (l + ir-f(l + ty=a(3)+(l + t? 

&c. &c. 

Hence fl(s)C97= fl(2)C97 4- (1 + O'Cs; 

«(4)Ci,7 = tf(3)C97 + (1 + «y C97 

&c. &c. 

• See Mr. Peter Gray's paper '* On the Arithmometer", vol. xvii, page 249, 
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The series of values in each horizonta] line are therefore 
obtained by placing the value of C common to that line on the 
face of the machine^ and multiplying first by 2 + i (the amount 
opposite year 2 in the column ^'Amount of 1 per annum" 
shown in any set of Interest Tables), which produces the value 
a(2)C, and then by the successive values (1-ft)*, (H-/)^ (l + t^, 
&c., — that is, the series of values in the column ^^ Amount of 1 
for any number of years'' to be found in any Table of Interest, 
commencing with year 2, which gives the values fl(3)C, tf(4)C, 0^(5)0, 
&c. The values are easily checked at any point by multiplying 
the value of C by the proper amount of annuity. 

The summation of each column is now easily accomplished, 
and the totals have only to be divided by D to produce the desired 
values. The necessities of the case for which my calculations were 
made required the annuities to be calculated at 3 per-cent, and the 
values of C at 4 per-cent, so that I do not think they would be of 
use to anyone but the office for which they were made. The 
following extract from the table will be quite suflScient for the 
purposes of this paper : — 

Table IB. — Showing the Present Value, at any given age, of the 
Amount of an Annuity of 1, commencing at that age and accu- 
mulated at 3 per-cent to the end of the gear of death (no payment 
being made %f death happens during the first year), calculated 
according to the Institute of Actuaries^ H** Table and 4 per- 
cent Interest, 
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The value of B for all ages, being formed, the addition to the 
pure premium is found from the following equation : — 

(P + L)(l + a) = P(I + fl) + (P + L)rB+E, 

where L represents the whole addition for profit and expenses ; 
r the rate of bonus, or proportion which the total accumulated 
premiums bears to the total ascertained surplus; and, conse- 
quently (P-l-L)rB, the present value of the bonus expected to be 
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declared on the policy^ based on the premium actually charged ; 

and E the expenses^ which may be wholly or partially dependent 
on or altogether independent of (P + L) . r and E had now to be 
found by trial ; but as the society had flourished for many years, 
and had made large profits, r was already more or less fixed ; and 
E was also known, the diflBculty being how to distribute it to the 
best advantage. 

It will be noticed that as the addition for bonus depended upon 
the premium charged, that addition increased as the premium in- 
creased, and, therefore, if any portion of the expenses were treated as 
a percentage, the premiums at the older ages would become almost 
prohibitory. A percentage for commission had consequently to 
be abandoned. A custom had, however, grown up to allow a 
brokerage of 1 per-cent on the sum assured, in lieu of an annual 
commission, and so that was adopted in lieu of a percentage. The 
other expenses of the office were found to be a little over 5^. per- 
cent per annum on the total sums assured, and thus the loading 
for expenses on a premium for the assurance of JSIOO was finally 
fixed at a single charge of £1, and an annual charge of 6s. 
Substituting these values for E, the equation becomes 

(P + L)(l + fl)=P(l + fl) + (P + L)r]B + -0025(l + fl) + -01 . . (3) 

from which we find 

J _ P.r.B+'002 5(l + a)-f-'01 
^- (H-fl)-rB 

The rate of bonus being finally fixed at 25 per -cent of the 
accumulated premiums, r became '25, and the working formula 

_ 25P.B-h '25(1+^)4-1 ... 

100(1 + a) -25 B ^^ 

The values of the pure premiums being multiplied by the 
values in Table B for each age, the computation of L became a 
simple mechanical operation, and this value being added to P, 
gave, of course, the office premium. 

The following table will show the results of the calculations : — 
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The figures in column (7) are very curious^ as showing that 
almost identical results would have been obtained by loading the 
3 per-cent pure premium with a constant percentage of 30 per- 
cent. 

The values in columns (8) and (9) are absolutely correct accord- 
ing to actual calculations^ there being only an occasional variation 
of unity in the last decimal place, thus showing the accuracy of 
the original computations. As a passing notice, it may be remarked 
that although the loading for bonus was calculated on the loaded 
premium, it yet happens to be nearly a constant percentage on the 
pure premiums. See col. (10). 

The premiums for the whole of life having been determined, 
all the other forms of premium were calculated from them by the 
ordinary formulas, using the H*' 4 per-cent Table for the purpose. 
Thus, calling the office whole-life premium P', 

The single premium = P'(l + «) . 

The premiums payable for a limited ) _ P'(H- «) 
term of years t . . . ) "" 1 4|^-ia ' 

Half-premium for first five years, ^ 

where the first portion was more ( _ P^(l-f fl) 
than the corresponding term as- f "" 1 + 2a — i^fl ' 
surance increased 10 per-cent . J 

Where the first portion was less^ 

than the term premium increased ( P^(l-f-g) — isP^Cl + lifl) xl'l 
by 10 per-cent, the second half [ fl— l^a 

was calculated by the formula . J 

I have heard it stated in this room that those who follow the 
pure-premium system of valuation are not consistent, because they 
never cany it out in practice in calculating the single premiums, 
&c. This is true, however, only as regards the three per-cent 
purists who, from an old-fashioned idea that the scale of premiums 
should be calculated at 3 per-cent although the actual competitive 
rate is higher, are compelled, in order to avoid charging prohibitory 
rates, to have recourse to all manner of curious devices for calcu- 
lating single and special premiums, by which the letter of the 
3 per-cent law is adhered to, while its spirit is entirely lost 
sight of. 

In the following table of premiums I claim to have produced 
an equitable scale for the peculiar form of distribution of profits 
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here described, and to have done so on the strictest scientific 
principles. 

Scale of Office Premiums, 



1 

4* 

1 


Whole 
Life. 


Single 
Premiums. 


LnoTiD Number of Paymemtb. 


Halt Premiums 
FIRST 6 Tears. 


1 

1 


10 Annual 
Payments. 


20 Annual 
Payments. 


30 Annual 
Payments. 


Annual 
Premium 

first 
5 Years. 


Annual 
Premium 

for 

Kemaindei 

of Life. 




£ «. d. 


£ «. 


d. 


£ «. d. 


£ 9. d. 


£ t. 


d. 


£ s. d. 


£ «. d. 




10 


1 8 10 


80 8 


9 


8 18 3 


2 4 8 


1 16 





• • • 


» • ■ 


10 


15 


1 12 10 


33 10 


1 


4 11 


2 9 7 


2 





■ • « 


• • • 


15 


20 


1 17 9 


37 1 


9 


4 10 5 


2 15 7 


2 5 





18 8 


2 2 


20 


25 


2 2 7 


40 7 





4 18 6 


8 10 


2 9 


6 


14 2 


2 8 4 


25 


80 


2 8 10 


44 5 


6 


6*8 8 


8 7 6 


2 15 


8 


1 7 11 


2 15 10 


30 


85 


2 16 8 


4S 14 


8 


6 8 


8 15 2 


3 2 


4 


1 12 8 


8 6 4 


35 


40 


8 6 8 


53 16 


2 


6 18 8 


4 4 7 


8 11 


8 


1 18 10 


8 17 8 


40 


45 


4 2 


59 14 


5 


7 10 1 


4 16 10 


4 3 


6 


2 7 2 


4 14 4 


46 


50 


4 17 11 


ee 5 


9 


8 9 7 


6 12 5 


5 





2 18 8 


5 17 4 


50 


55 


6 2 1 


78 9 


8 


9 18 4 


6 18 5 


6 8 





8 14 9 


7 9 6 


55 


60 


7 15 2 


81 8 





11 8 3 


8 8 


7 15 


6 


4 18 


9 16 


60 


65 


10 4 


88 16 11 


13 8 


• • • • • • 




• • • 


66 



APPENDIX. 

The following is the demonstration by Mr. R. P. Hardy 
referred to ip the paper : — 

Problem. — What is the present value of the amount to which 
an annuity will accumulate by the end of the year of deaths the 
annuity falling due at the beginning of each year ? 

This value is evidently St?»(l + 1) ^ 1 ^-il^^* 

= 2^{t;».»-i|j,(l-hO"-i»-iI?*} 
'^l+t(C^(l+i)-fCx+i(l + t)»-}- -(C^+C^+i-f ) 



-^{ 



D. 



} 



_ 1+i f C,(l-fO + C,.n(l + t)«+ \ _ 1+i 



= -*{ 



a 



j" "" — j~ Ajp • • • (1) 



Now^ when the rate of discount is the same as the rate of 
accumulation^ the value becomes 
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+ «/a« + a,+,+ . \ 

TV h, N 



= 1 + fl-r. 

The trutli of this will at once be seen from the following 
analysis : — 

I +a*= 1 

t(l + fl*) = t» + t'4p+i + V*/«+a+ 

NoWj if we express the values on the right-hand side in terms of 
dg, we have 

tr=rf«+ ^«+i+ ^*+a+ 

t'4p+i= t'rf«+i+ t'rf«+i+ 

t^4+a= t?Var+a+ 

• • • 

• • • 
■ ■ • 

Then^ summing both sides^ and remembering that the present 

value of an annuity-certain in advance is (1 +t) —, — - — , 

have 



we 



• ^ ' I 



+ rfc+2(l + 1) ^ ^^"^'^ ' + &C. 

Now^ since the present value of the amount of an annuity-certain 
at the end of n years is the same as the present value of the 

same annuity for the same period, that is, ^ r x (1 +0"* 

= —. , we have 

t 



-ht;»rf,+,(l + ^^"*"']' ^ + &c., 
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and l+fl^=St;%.,i|y^(l-fO ^^"^*-'*'"\ 

the same function that we started with. 

The above formula, however, holds good only when the rate of 
interest is the same for both accumulation and discount. When 
the rates are different, the solution is not so simple. 

Let us call the rate of accumulation i' ; then from (1) we have 

i-hi" ( C.(i-i-o+Cx.,i(i+0«+ ) i+i" 

i' I D^^ J i' ^" 

Multiplying both numerator and denominator of the fraction 
within the brackets by (1 + i')*, we have 

i' \ ~ Dx(H-0' ' > i' ' '' 

the solution of which can be simplified by constructing tables on 
the columnar method. Thus, if a complete series of 0^(1 + »0'^* 
be formed and summed like the M column, and we call the new 
column Tjr, and also form a column of 0^(1 + 1")*, and denote 
it by Y«, then (2) presents the form 

The modifications needed for the special case mentioned in 
the paper could be easily applied. 



Since the text was written, it has been pointed out by 
Mr. King, and also by Mr. Sutton, that this formula is capable 
of still further reduction when the rate of discount, i, is greater 
than the rate of accumulation, i\ Thus, taking the value within 
the bracket in (2) and writing rfj.f*+* for C^, we have 



m 



If, now, we let .. . . = x-t-j j so that 1= :;-— 7, the above value 

l-fi l+I 1 + 1 

is seen to be the present value of 1 payable at the death of a life 

aged oc, at the rate of interest I. Calling this A'x, formula (2) 

becomes 

-y-(A,— Ax) (4). 
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If the rate of discount^ i , be less than the rate of accumulatioD^ 

i'y then I will be negative, in which case we may put . . =1 + 1, 

and then, in finding A'^.^ we should have amounts to deal with 
instead of present values. Probably, in the latter case, formula 
(2) would be found the best for practical use. 



Discussion. 

The President (Mr. A. H. Bailey) concurred entirely with Mr. 
Manly in almost everything that he had said on the subject of com- 
petition. He believed that, as Mr. Manly says, the method of distri- 
bution mentioned in the early part of the paper is unique. He 
thought it was a modification of the system of the old Amicable. 
That office at its original inception, as was the fashion in those days, 
insured everybody from 16 to 45 for one year at a imiform annual 
premium of five guineas per-cent, and found that a tolerably profitable 
business. In the early part of this century a system was adopted of 
having annual valuations, and dividing the surplus amoDgst the 
claimants of that particular year ; and the late Mr. Galloway, who 
was chief officer of the Amicable, a scientific man and a Fellow of the 
Koyal Society, stoutly insisted that that was the only equitable method 
of dividing profits. The effect of course was to make the amount 
divided in any particular year dependent very much on the amount of 
claims in that year, so that if a man died in the year 1808, and another 
died in the year 1812, both having effected their policies in the same 
year, the amount received for the one claim might be very different 
from the amount received for the other ; and the result was that the 
system was unpopular. He proceeded : Mr. Manly says, " When an 
actuary has to calculate a scale of premiums, he has to keep two things 
in view, — 1st, the necessity of meeting competition, 2nd, the adjust- 
ment of the contributions to the benefits to be received." The paper 
deals almost exclusively with the second, whereas I have found, in 
practice, that the first is by a long way the most pressing ; and that 
the two, unfortunately, are often incompatible. I do not think that, 
with the competition that now exists, the contributions can always be 
adjusted in a scientific manner to the benefits to be received ; and 
therefore I somewhat object to Mr. Manly using his X as the unknown 
quantity. X must vary within tolerably narrow limits, and therefore 
the imknown quantity is rather B ; and it is a very unknown quantity 
indeed, and I fear a diminishing quantity. I therefore slightly doubt 
the practical value of all the pains he has taken upon this matter. 
The public will not in the. least degree appreciate or care for an 
adaptation of the premiums to the actual benefits they receive. 
Mr. Manly speaks of the premiums at the older ages becoming 
almost prohibitory. Well, that is a state of things which has 
really arisen. The first attempt to load pure premiums was, I 
believe, the work of Milne, who produced a table of office premiums 
based upon the Carlisle table with 4 per-cent interest, and loaded 40 
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per-cent. The effect of that 40 per-cent increase was to make the 
rate prohibitory at the older ages, and he had to make arbitrary reduc- 
tions. That difficulty, I think, runs all through Mr. Manly 's adapta- 
tions. The other point Mr. Hardy will tell us a good deal more 
about. It has interested both him and myself lately, because he and 
I with another gentleman have had to work away at that problem. 
Mr. Manly says, "This is a problem which has doubtless puzzled 
many of us ; but Mr. Hardy's solution is so ingenious, his demonstra- 
tion is so clear, and the result is so striking, that I have begged the 
favor, which has been generously granted, to append it to this 
paper." The case presented to us was that of a superannuation fund, 
where the premiums were to be returned with interest in the event of 
death or withdrawal before attaining a stipulated age. As the problem 
is put here, it is in a general form, and I think it had better not be 
confined to the present value of an annuity-certain, which was the 
particular case before us. The result is, I confess, very ingenious, 
and very much to Mr. Hardy's credit. 

Mr. A. Badek — Mr. Manly 's premiums at th» higher ages are 
such as almost to exclude them from practice, for though the public, 
when they want to insure with profits, have an idea of entering into 
a little mild speculation, they also have an idea of doing it as cheaply 
as they can ; and, however equitable a scale of premiums may be, they 
will go elsewhere rather than pay what they think too much. I can- 
not agree with you, Mr. President, that the two things are incom- 
patible — ^the loading of a practical premium and something like a due 
regard to the manner in which the profits are distributed. I know at 
least one case of an office where the premiums are very fairly adjusted 
to the manner in which the profits are divided, and that too with the 
result that the scale of premiums brought out is eminently workable. 
The profits are a quinquennial tontine, the consequence of which is 
that, as the age advances, although the premium for the bonus 
assurance would be heavier, the chances of surviving the tontine being 
smaller, the addition is almost a constant quantity. The effect of that 
is that the premiums at the higher ages are really workable premiums. 
I should like to make one observation about this remark — " My 
friend, Mr. Hardy, has pointed out to me that this problem is a parti- 
cular case of a very general one, namely, to ascertain the value of an 
assurance of the accumulated amount of a life annuity in advance up 
to the end of the year of death. This is a problem which has doubt- 
less puzzled many of us " — and so forth. Well, the result brought 
out is that the present value of such an annuity is l-j-a. Now it 
appears to me that the result depends upon considerations which lie so 
very near to the surface, that it is almost a matter of course that it 
should be so. It must be almost clear that what we call the annual 
premium is really a sinking fund, which, improved at interest, shall, at 
the end of the year in which any life shall fail, amount to what we call 
the sum assured. A payment of 1 per annum, that is an annuity of 1, 
in advance, is an annual premium to secure a certain assurance ; and 
of course the single premium for the same assurance must be 1 + ^- 
An elaborate demonstration is given, which, however, is really not 
required in order to demonstrate so very simple a proposition as that 
the value of an accumulated annuity, the rate of interest being the 
same throughout, must be 1 + <7- 
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Mr. G. King, speaking of the concluding formulas of the paper, 
said : — The demonstration of Mr. Hardy is extremely elegant. He 
brings out first of all, the value of an annuity -due accumulated, where 
the rate of interest for discounting the payments is the same as the 
rate of interest at which the payments are accumulated, and then he 
works out more elaborately a formula for the case where the rates of 
interest are different. In the fourteenth volume of the Journal, p. 144, 
under the heading of "Practical Questions'*, there is an editorial 
paragraph where a similar problem is solved. There the question is, 
not the finding of the value of an accumulating annidty, but finding 
the present value of a fund invested at compound interest and accu- 
mulating during the existence of a given status. Of course the two 
questions are really one, because an annuity may be looked upon as 
simply the interest upon a fund invested. By slightly modifying the 
demonstration given in that volume, there comes out a formula similar 
to Mr. Hardy's, but which shows more clearly what the real principles 
are. If we assume with Mr. Manly that the rate of accumulation 
is i', and the rate at which the benefit is valued is i, we ma^ look upon 
the annuity-due as the interest in advance upon a fund of (1-f *')— *'. 
That sum will produce an annuity-due of 1 for n years, and will itself 
remain intact at the end of the period. Therefore an assurance con- 
sisting of the accumulations of an annuity-due of 1 forborne, is equiva- 
lent to an assurance consisting of a sum of (1 + 1') -^ i' and its accumu- 
lations, less an assurance of the sum of (1 -I- i') -^ i' itself. We therefore 
have, if A be the value at rate i of an assurance of the amount of an 
annuity-due of 1, 

t t 

= ^ ( ^ (rT?)""-!?'-^'} • 

where A;v is taken at rate i. If now we take 
H-i' 1 i—i' 

1 I */ 

__l-f»' 

— ^7~ (A jy Aa?), 
If 

where A''^ is taken at rate j\ If f'=», then ^=0, and A*;p=l, and 
we have 

* 

"■ d 

which agrees \rith Mr. Hardy's formula. If t'=*03 and »='04, as in 
the paper, then the rate at which to calculate A'' is neaily 9f per 
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thousand. This is a special case of a very general prohlem — to find 
the present value of a fund either depending upon life, or for a term 
certain, accumulating, for instance in consols, at one rate of interest ; 
the value to be found to pay a given rate of interest on the purchase- 
money. We sometimes come across such questions in revei*sionary 
transactions. Where money is accumulating at comi)ound interest 
at one rate, we may always find the value at another rate, by merely 
changing suitably the rate of interest, and so dispensing with the 
complicated columns which according to the paper seem to be 
required. With regard to the equitable distribution of surplus, the 
present system of dividing profits in many companies is \QTy unsatis- 
factory. To a great extent we rob Peter to pay Paul ; and if Peter 
complain, we quiet him by saying that some time later we will find 
some one to rob for his benefit. Mr. Sprague and Mr. Tucker, in the 
Journal^ vol. vii, p. 61, and vol. ix, p. 245, show how certain of the 
systems that have been adoi)ted may be made equitable, so far as pre- 
miums charged are concerned. But besides constructing suitable 
tables of premiums, we must, in order to make many of the common 
systems of division equitable, also value in sjecial ways. If at the 
beginning we divide among those who are then insured all the surplus 
that comes out under a net- premium valuation, we give them more 
than their share. Where there is to be an increasing reversionary 
bonus, the reserve required for bonus is analogous to the reserve 
required for the sums assured. The rate of mortality is an increasing 
one, and hence the reserve for the sums assured must be more than 
merely the future premiums. We must similarly, where we give an 
increasing bonus, maintain a special reserve in addition to the future 
loading. We must, in fact, keep back part of the present profits, in 
order to provide for this increasing reversionary bonus. This subject 
has not yet had sufficient attention among actuaries, and if they will 
adopt or perpetuate these systems without making such valuations, 
they will find, sooner or later, that they have made a great mistake. 
I know of one comj)any only where this matter is properly attended 
to. There are two principles which, 1 think, ought always to be 
attended to in dividing profits. One is that profits ought to be 
divided among those who have contributed to them, and the second is 
that profits ought to be divided as nearly as possible in proi)ortion to 
the contributions to them. These principles have not been sufficiently 
kept in mind ; and I fear that the result will bo some day to put 
certain companies in very great difficulty. 

Mr. SoKLEY doubted whether Mr. Manly is entirely justified in 
claiming " to have produced an equitable scale for the peculiar form 
of distribution of i)rofits here described, and to have done so on the 
strictest scientific principles." The rates of j)rennum as ultimately 
fixed appear to have been deduced without exj)licit allowance beir:g 
made for all the facts which ought to be considered in their adjustment. 
Mr. Manly, having found that the mortality ex})erience of the com- 
pany with which he was dealing, corresi)onded with that recorded by 
the Institute of Actuaries, at once proceeded to adopt the pure pre- 
miums of the H*' table as the basis for framing his premiums. Now 
the H** table is deduced from the mortality of a mixed body of 
lives, selected at various ages, and therefore the H^* pure premiums 
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are not the trae pure premiums at the date of assurance, but differ 
very considerably from them. Probably the most accurate pure 
premiums at date of assurance are to be found in Mr. Sprague's 
jiaper of 1S76 {Journal, vol. xx, p. 95). From it we find that 
the true pure premium at age 20 is 7 per-cent greater than the 
H^, while at age 75 it is so much as 20 per-cent less, and speaking 
generally, the analyzed pure premiums are higher than the H** at 
the younger ages, and lower at the older ages. In Mr. Manly's 
office premiums there is, however, a set-off to this, more or less com- 
plete, in the fact that the premiums are loaded simply with a constant 
of 5«. per-cent at each age, and not, as is more usual, partly with a 
constant and partly with a percentage. As Mr. King has iudicated, 
Mr. Manly's practical problem is not completely solved when a per- 
fectly accurate scale of premiums has been constructed. It still 
remains to determine the proper reserve to be held on hand at the end 
of each valuation period, so that the surplus at each valuation may 
provide bonuses in something like the proportion contemplated in the 
construction of the premiums. It is pleasing to notice that Mr. 
Manly, in constructing premium rates for assurances other than 
ordinary whole of life, did* so, not from the pure premiums for the 
particular form of assurance, but from the loaded office whole-life 
rates. When the bonuses on the six?cial-class policies correspond to 
those on the ordinary policies, that is the true way — probably the only 
true way ; for any other is almost certain to lead to incongruities. 
Mr. Manly quotes the title of an old contribution to the Journal, 
" The incongruity existing between the rates of premium charged at 
certain ages, and the benefits accruing therefrom." Possibly this 
incongruity may, to a largo extent, have now disappeared ; but any 
actuary who takes the trouble to examine the prospectuses of a number 
of life offices taken at random, may probably find one or more instances 
of an incongruity still existmg between some of the special-class rates 
and the whole-life rates. If Mr. Manly's method were adopted, such 
a state of matters could not continue. 

Mr. G. S. CBrsFOED thought that the paper is valuable, because it 
draws attention to actual facts, rather than to theories. What we 
have really to deal with, both in valuation and distribution of profits, 
is the premiums which are charged by the companies as contained in 
the prospectuses. As Mr. Manly's system of apportioning profits and 
framing premiums is actually in use, his paper possesses a value which 
any theory, in itself and alone, does not possess. The paper, however, 
is not entirely consistent ; the premiums are formed to allow a certain 
rate of bonus, and that has been very accurately done, but when he 
came to the question of expenses, instead of still confining himself to 
actual facts, ho felt it necessary to make merely an assumption that a 
certain charge was made for expenses which, in the aggregate per- 
haps, might be pretty near, but which, when apportioned to different 
ages, is not in accordance with fact. If you look at the tables in 
column 11 and column 13, and suppose that the majority of lives 
which enter this office are of the middle ages, would that ratio of 
loading for ex^wnses be sufficient to meet the actual charges ? Suppose, 
for instance, it were a fact that the commission paid upon premiums 
was 10 per-cent for the first year, and 5 per-cent aiterwards, the 

s 2 
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commission alone would entirely absorb tbe wbole of the loading for 
expenses. The result would be that it must of necessity upset the 
balance of loading which is left for the profit. It would be a very 
interesting and valuable thing if some of the members — the younger 
members, perhaps, who have more time — would devote themselves a 
little to an analysis of the actual premiums which are charged by 
various offices, comparing them with the pure premiums as brought 
out by our Institute tables, at various rates of interest, showing what 
the loading actually is, how much is required to pay expenses, and 
what is left for profit, and showing what the effect of the various 
methods of distribution would be upon that balance of loading as it 
actually exists. We have not so much to deal with tables of premiums 
formed accurately upon a particular theory; but in making our 
valuations we have sometimes to deal with premiums loaded without 
any consistent order. If we take the pure premium, which is a known 
quantity, and then take the actual charge for expenses, which is a 
known quantity, and then deduct these two from the premiums actually 
charged, we find some very curious scales of loading in the portion 
which is left for actual profit. If upon these actual fkcts we base our 
investigations and apply our theories, we shall arrive at some practical 
results which, with all the papers which we have had, would give us 
a very great deal of useful and valuable information. 

Mr. Seable thought that Mr. Manly had failed of finding the 
solution of his problem, and that his premiums will not provide the 
bonus which he has put before himself as his object to provide. It 
is quite clear that, if Mr. Manly' s facts work out according to his 
theories, his pure premiums will exactly provide for his risk. His 
loading for expenses should also exactly provide for them ; but there 
will be a little wrong as regards this, because some of the loading 
will be spent in the first year. That, however, is only a smaU 
matter. But with regard to the bonus, supposing that we have a 
man who enters at any age, say 15, and who pays £100 in premiums ; 
out of that the sum of £25 has to be set aside to be accumulated as 
the bonus ratio. We can take the 25 per-cent at the beginning 
instead of later ; but it has the same effect. The man was to get a 
bonus equal to £25 accumulated at 3 per-cent. Now, for that £25 
he has to pay 17*7 per-cent of his premium, that 'u £17. 14«. ; and 
this £17. 14«. accumulated at 4 per-cent, is always to be equal to 
the £25 accumulated at 3 per-cent. Well, I take it that it is fairly 
obvious that it will not do it. It is true that there is a little adjust- 
ment, but that makes very little difference — ^that is to say, there is 
no bonus paid for the first year of assurance. The difference of that 
is, of course, that if there are Ix persons who pay that 17*7 each, 
that 17'7 will be divided between Ix+i, which is a slight decrease, 
and will slightly increase the 17*7, say to 17*8 or 17*9. Then, if 
17*9 be accumulated at 4 per-cent as earned by the office, how is it 
possible that in three years' time that bonus of £25 accumulated at 
3 per-cent can be obtained ? It would provide less than this bonus 
in the earlier years, and a good bit more in the later years. If all 
members entered at the same age, and at the same time, it would be 
a perfectly equitable thing, because every man at the beginning would 
stand the same chance of getting the large bonuses and the small 
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ones ; but inasmuch as they do not enter at the same time, it becomes 
decidedly inequitable, and we have to rob Peter to pay Paul. One 
man gets more than his 25 per-cent, and another gets less. Looking 
at the table, the top one pays 17*7 for his bonus, the bottom one 
pays 22*6. These are accumulated, say for three years only ; then it 
is clear that the bottom one will have paid one-third part more at 
any rate than the top one, presuming that they pay the same amount 
of premium, £100, for a different amount of assurance. They will 
both be entitled to the same bonus, and they wiU have paid different 
amounts for it. But the amount expected will not be there in hand 
to pay them. The amount in hand will be somewhere between the 
two, and the difference will have to be made up from somewhere, or 
not be made up at all. Therefore, it seems that the problem has 
not been solved ; and, in fact, cannot be solved. 

Mr. B. P. Habdt wished to explain what he considered the 
simplest and most powerful way of looking at the question discussed 
by Mr. Manly. If all the payments made in respect of an annuity be 
left in the hands of the contractors, to bear interest at the same rate 
as was employed in discounting the values, then the Ix payments paid 
down will have to be returned in the order of dx, dx+\f &c. ; and, if 
the same be left fructifying, they will themselves earn the further 
accretion of interest. Hence, the value for the first year's annuity 
payment is I. By similar reasoning, the value of the second and 
third, Ac, year's annuity payments will be v.pxf v^-^Pxt &c., and 
so on — the sum total of which is l-hfla-. The practical application 
of the principle involved in this question, which was recently before 
the President and another actuary with himself, was the reserve to 
be made for a return (upon death or in case of retirement from 
specified causes) of the contributions made by the members of a 
large superannuation fund, together with interest ; and it was dealt 
with in the same way as the above. Having settled the rates of 
mortality and secession that were deemed applicable to the affairs of 
the fund, a column was formed showing the number left in the fund 
at each age out of a given radix. The decrement of this column was 
subdivided into that representing the number of deaths strictly, and 
the number of secessions from all causes ; reducing the secessions to 
the number of efiective claims (for those cases where a return was to 
be allowed), the total of these and the deaths, constituted a column 
showing the number and order of the claims for return of contri- 
butions and interest. By a simple arithmetical process, cognate to 
that for obtaining the value of l-hax, the required value was obtained. 

Mr. E. JusTiCAS" wished to mention one or two points. First, as 
to the amounts of the accumulated annuities-certain. These would 
appear to be incorrectly stated, as, being payable in advance, the 
amounts at the end of 1, 2, 3, Ac., years should stand thus — 

0(1,= 1 -hi' 

«(«=%)+ (l-h*)* 

%)=«.2) +(! + »? 
<&c., <&c., 

the expressions given in the paper being each multiplied by the factor 
(1-f t). Then, as to tlie question, *'To find the present value of 
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the amount to which an annuity-certain due will accumulate by the 
end of the year of death **, an approximate value — sufficiently near 
for practical purposes — could be found from the formula 

A..-(;i%) '''^'^^'-■>' 

and w^hen the rates of discount and accumulation are equal, the value 
becomes l + ^o-, as stated in the paper. The following are values at 
the three ages, 35, 40, and 45 ; compared with those given in the 
paper, they are in each case slightly greater, as no correction has been 
applied to meet the deduction of the first year's risk. 



Age. 


Value 


Value by 


given ill paiKT. 


above foniiuLi 


35 


13-51 


13-56 


40 


12-99 


13-01 


45 


12-28 


12-31 



Mr. H. W. Manlt, in reply, said he believed that the system of 
the old Amicable was not so much in the minds of the founders of 
this office, as that of another office which reduces its premiums 
largely after a certain number of years. At any moment that office 
can revert to its original ])remiums ; and so the intention here was 
that the payment which the office promised to make, should always be 
capable of being reduced to the simple sum assured. In fact, the 
object was to ap})ly the system to increasing the sum assured at 
death, instead of reducing the premiums during life. With reference 
to the remark that in the premiums charged by the office, X is the 
known quantity, and B the unknown, that is generally true, as the 
premiums are really fixed by competition. In this office it happened 
to be just the other way. A slight variation in the rate of bonus made 
such a difference in the bonuses payable, that the actuary was bound 
to argue, " If we are not to get into the difficulty which the old 
Amicable fell into by the great variations in its bonuses from year to 
year, B must to a certain extent be fixed, and pi-oper provision must 
be made for it." The system is so delicate, that a small decrease in 
the rate of bonus will cause the bonus upon an old policy to be 
actually less than the one previously declared. B, then, in this case 
was bound to be fixed ; and when B is fixed, when you know before- 
hand the benefit which you are going to give to a man, you should 
charge him accordingly. If he will not pay the cost of that benefit, 
then you are very much better without him ; otherwise you actually 
rob Peter to pay Paul, and you know it. On the other hand, when 
you have the power of distributing your profit by any method which 
you think best, then, of course, B is not so important in the composi- 
tion of your premiums. At the time that the premiums in his table 
were calculated, none of those analyzed mortality tables which 
have been referred to, were published. He was perfectly well awai-e 
of the fact that the premium for a young life should be greater 
than that produced by the ordinary table, and that it was much less 
for older lives (for he had himself made investigations into the 
question), and therefore he felt less difficulty in loading the premium 
for expenses in the manner he had done. He believed that, practi- 
cally, the one balances the other, as Mr. Sorley supposed they would. 



1882.] and Constructing Premiums ivith reference thereto. 255 

The series of values of aC in table IB were actually computed with 
the object of determining the proper reserve to be made for this special 
method of distribution, so that he did not leave out of consideration 
the important question of reserves. It was a very difficult j^roblem 
to solve, and it took a great deal of time. It is not a thing which 
can be repeated every year ; but nevertheless the first investigation 
afforded the means of determining what modification should be made 
in the actual results of the valuations produced by the ordinary 
methods. He thought that a portion of the incidental profits produced 
from the increased interest and surrender values, &c., might very fairly 
be devoted, as they are in some offices, to defraying expenses. Any- 
how, notwithstanding the very small percentage of loading which has 
been added at the higher ages, the premiums become practically pro- 
hibitory. With reference to Mr. Searle's remarks, the 17 per-cent of the 
premium at age 15 accumulated at 4 per-cent is demonstrated to actually 
produce 25 per-cent of the premium accumulated at 3 per-cent by the 
year of death. In answer to Mr. Justican's question as to the calcu- 
lation of the annuity, that is really a matter of office practice. With 
regard to this office, the premium is supposed to be paid, not on the 
1st January, but on the 31st December; consequently, it has not to 
be accumulated for one year. He thought that Mr. Justican and 
Mr. Baden had both fallen foul of the rock upon which the late 
Mr. Peter Hardy and Mr. Wm. Morgan split. 

Mr. Justican said he had stated that the amount to which 1 paid 

in advance would accumulate by the end of the year in which the life 

1 I _ 

should fail is . That is the amount which an annuity of 1 

will insure. In other words, it is the amount to which the premiums 
will accumulate ; and the annuity is here essentially a premium, call 
it what you like. 

Mr. Manly — Exactly so. Now, if you will refer to the contro- 
versy mentioned (see Journal, vol. vii, p. l),you will find that, if the 
sum payable at death is the amount of the premiums paid, accumulated 
at compound interest, the average of those sums is not the sum 
assured, but something else. The problem is not quite so simple 
as Mr. Baden and Mr. Justican seem to imagine. 

Mr. Searle feared he had not made himself quite clear. It is not 
a question of how many die every year. You have got to provide the 
bonuses for all who are alive as w^l as for those who are dead. You 
have got to allot a bonus of £25 for every £100 of premium that has 
been paid in ; and 17*7 accumulated at 4 per-cent will not do it. 

Mr. Manly — You must remember that the bonus in this case is 
not paid until the man is dead. 

Mr. Seable — Has it not to be allotted and announced? 

Mr. Manly — No, not allotted. It is announced, but only provi- 
sionally. Of course, if it were distributed, that would be another 
matter altogether. If the profits were distributed, then, of course, 
they could not be accumulated. But here the bonus is only paid on 
the man's death ; and the consequence is that your 17 per-cent, put 
out at 4 per-cent interest, will accumulate to 25 per-cent by the year 
of death. 
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On the Valuation of Policies subject to Half-yearly and 

Quarterly Premiums. 

[Being an Extract from a Joint Eeport by Messrs. Thos. B. Sfbaoub 

and Geohge Kino.] 

[Read before the Institute, 27 Feb. 1882.] 

YY E will now state, with the necessary technical detail, our reasons 
for the opinion we have already expressed, that it is not permissible 
to add to the assets, or otherwise bring into the valuation as a 
credit, the present value of the extra charge made upon half-yearly 
and quarterly premiums in excess of the aliquot part of an annual 
premium. This extra charge is made for three diflFerent purposes, 
(1) to cover the cost and trouble of collecting premiums at frequent 
intervals ; (2) to make good the loss of interest on the portion of 
the premium which is not paid at the beginning of the year ; and 
(3) when the half-yearly or quarterly payments are really pre- 
miums, and not instalments of yearly premiums, to compensate 
for the loss of premium which will occur in some cases through 
the life assured dying before the full yearns premium for the 
current policy-year has been paid. The proper amount of the 
extra to be charged for (2) and (3) is easily determined. Since 
the value of an annuity payable in advance is 1 -{■ a, l-\- a, ov l-^ a, 
according as it is payable yearly, half-yearly, or quarterly, the 
total yearly net premium for the age x is 

1 + fl' '76 + a' -625 + ^' 

according as it is payable yearly, half-yearly, or quarterly. Taking 
for example the ages 20, 40, 60, we have by the H^ table at 4 
per-cent interest 

Age nr tar^^ tur^** 

20 1-245 1*261 1-269 

40 2-352 2-389 2-407 

60 5-716 5-856 5-929 

These figures give us an average addition of 2*07 per-cent and 
8*15 per-cent to the yearly premiums, whereas the additions 
actually made are 5 and 7i per-cent. The difference, amounting 
to 2'93 per-cent for half-yearly, and to 4*35 per-cent for quarterly 
premiums, is available to meet the extra expense mentioned in 
(1) ; and, so far as not required for this purpose, may be considered 
as direct gain. But there is no certainty that it will ever be 
received. The assured may discontinue his policy, or have the 
premium altered to yearly payments, and it would therefore not 
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be correct to take credit in any way in the valuation for this 
excess^ and it can only be considered as direct gain when it has 
actually been received. In the same way^ it would not be correct 
to bring into the valuation or treat as an assets any addition that 
is made to the half-yearly or quarterly premiums to provide for 
the loss of interest at the rate actually earned upon the assets of 
the Society, so far as that rate exceeds the rate employed in the 
valuation. 

There is no objection, however, to valuing the theoretical 
half-yearly and quarterly premiums as found above ; but, if this 
is done, it will be necessary to value them by the appropriate 
annuities, and not by the same annuity as is properly employed 
when the premium is payable yearly. In a former report we 
gave the following fonnula* as the proper one to be used in all 
cases, whether the premium was payable yearly, half-yearly, or 
quarterly : — 

Aor+n+J^— (l + flx+n+i^W+iH- j2"'*+l^ .... (A) 

the age at enti*y being x and the duration of the policy n years 
and t months; and the next premium, yearly, half-yearly, or 
quarterly, being due in m months. This formula was recommended 
by us on the assumption that it was intended to ascertain the 
liability under each policy separately. In the valuation as 
actually made, all whole-life policies of the same age at entry, 
and of the same duration (as measured by complete quarters of a 
year), have been grouped together, whether the premium was 
payable yearly, half-yearly, or quarterly. It thus became necessary 
to value all the policies in each group by the same formula. It 
was assumed that in every case a full year's premium was due at 
the date of valuation ; and the liability thus found was increased 
by Si months' net premiums, because (1) the premiums were not 
all immediately due, and (2) some of them were payable half-yearly 
and quarterly instead of yearly. The formula (A) leads to the 
same result. If the premiums on a policy are payable yearly, the 
next premium may fall due at any time from one day to 12 months ; 
and assuming the premiums to be uniformly distributed over the 
year, the addition to be made to the liability on this account will, 
on the average, be half-a-year's premium. In the case of policies 
subject to half-yearly premiums, the next half-yearly premium 

* This formula is based on the supposition that the first year's premium is 
wholly absorbed by the first year's expenses and risk, so that at the end of tho 
first year no reserve is made for the liability under the policy. 



258 On the Valuation of Policies subject to [April 

may be due at any time from one day to 6 months, and the 
average addition to the liability will therefore be 3 months' 
premium ; and, similarly, in the case of quarterly premiums the 
average addition will be ^th of a year's premium. If now 
we make the further assumption that policies subject to yearly, 
half-yearly, and quarterly premiums occur in equal numbers and 
amounts, then the average addition to be made all round will be 
^(^ + ^4-^) = ^ of a year's premium, or SJ months' premiums. 

If, instead of valuing the yearly net premium, tar, we bring 
into the calculation the larger premiums, n3^^\ toK*^, formula (A) 
will require to be modified. Considering in the first instance, 
for the sake of simplicity, the case of a policy which has been 
exactly n years in force, the value when the premium is payable 
yearly, is 

but when the premiums are payable half-yearly or quarterly, the 
proper fonnulas will be 

The values as found by these latter formulas diff'er so little from 
the first, that it is usual to employ that formula in all cases ; and 
this was the course, as already mentioned, that we formerly recom- 
mended. The values, however, are not exactly equal, and it is 
easy to see that the policy-value given by the second is greater 
than that given by the first, and the value given by the third 
greater than that given by the second. We have 






-\-(ij'+n)^x+l = 1 , - Ax+i, 

^ "T^X + l 

and (f + a.^nW%^i = Ix?^" A»+. • 

Since the fractions multiplying Aa.+i are both less than unity, and 
the numerator and denominator of the second are obtained by 
deducting the same quantity (}) from the numerator and denomi- 
nator of the first, it follows from a well-known algebraical propo- 
sition, that the first fraction is greater than the second ; 

and it follows that V^^^>Y. In the same way it may be shown 
that V(^)>V(2). 
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We have ttus proved that, when a policy has been in force 
for an exact number of years, the effect of bringing into the 
calculation the theoretically correct half-yearly and quarterly net 
premiums, is to increase the policy-values. A general idea of the 
amount of this increase (which is but small) may be formed from 
a consideration of the figures in the following table, which contains 
the values of the various quantities fur ages at entiy 20, 40, 60, 
n being 5. 



X 

20 
40 
€0 

1 


Ax+5 

27-074 
42-690 
65-883 


(l + «a:+5)tir;r+l(2 

24-243 
36-380 
53-377 1 


+ «j-i5)OT'*-Wl 


(S + ax+5W*^x+i 


V 

2-831 

6-310 

12-507 


2-840 

6-348 

12-699 


2-844 

6-369 

12-799 


24-231- 
36-342 
53-184 


; 24-230 

1 36-321 

530at 



Passing on now to the more general case when the policy has 
not been an exact number of years in force, it is convenient to 
make the usual supposition that the policies have been on the 
average nj years in force and that on the average the next yearly 
premium is due in 6 months' time, the next half-yearly premium 
in 3 months, and the next quarterly premium in 6 weeks. Then 
the formulas for the policy- values according to the principle 
actually adopted in the valuation will be 

V=Ax+ni— {'^ + Ox+n\)^x^i for yearly premiums. 

V(2)=Aj,+ni— {'75'\-ax+n\)^jr+i y, half-yearly 

V('*>=Aar+„t— (-SrS + fl^+nO^or+i ,, quarterly 

But when we bring into the valuation the correct half-yearly and 
quarterly premiums, the proper formulas for the values of these 
premiums will be 

(•25-ffl^^.„i + -25)«r(2)^+,=r(-5 + fl.r+.0^^'Wi 

and for the policy-values 

U(^)=A^+„i-(-5 + fl^+„i)^-'^aH-., U(*>=A,^„i-( 5 + ^.,^,>(^U, ; 
and we can show that U<'^)> V(^), U<^>> V(^). 



>} 



}> 



We have (•75 + «j.+ni)«^a-+i= -j 



_ '75 -f ajr^n\ * 



+ ^.r + 



J' + I > 



and 



(•5-f aj.+„5)cj(2>ar+,= ;yr, . r"^ ^'h-i- 
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Here the multipliers of A^r+i are both fractions less than unity, 
and the numerator and denominator of the latter fraction are 
obtained from those of the former by deducting the same quantity, 
•25, from each. Therefore the second multiplier is less than the 
first, and ('5 + «)»<«)< (75 + fl)tir; and it follows that U<»)>V<2>. 
In the same way it may be proved that U(*)>V(*); or in these 
cases, also, the eflFect of valuing the correct half-yearly and 
quarterly premiums, is to increase the policy -values. 

The following table shows the values of the different quantities, 
by the H*' 4 per-cent tables, for policies which have been in force 
on the average 4^ years, and wei-e taken out at ages 20, 40, 60. 

Half-yearly Premiums, 



X 


^x+ik 


(•75 + aar+4j)tirx+i 


(-5 + ax+4j)«r<«)x+i 


V(2) 


U<2) 


20 
40 
60 


26-786 
42-188 
65-279 


24019 
36-090 
52-818 


24-007 
36-046 
52-611 


2-767 

6-098 

12-461 


2-779 

6-142 

12-668 




^x+A\ 


Quarterly Premiums, 






X 


(-875 + ax-Mj)«^«+i 


(•5 + a,+4|)iir<<Wi 


V«) 


uw 


20 
40 
60 


26-786 
42*188 
65-279 


24-179 
36*395 
53-570 


24-164 
36-336 
53-284 


2-607 

5-793 

11-709 


2-622 

5-852 

11-995 



It appears, therefore, contrary to what might have been anti- 
cipated, that if the larger half-yearly and quarterly premiums are 
brought into the valuation, the effect is not to diminish the 
liability, as might be supposed, but to increase it slightly. 



Discussion. 

The Pbesident (Mr. A. H. Bailey) said that the question 
considered in the paper was important, as quarterly premiums are on 
the increase. Half-yearly or quarterly premiums are (or ought to 
be) the equivalents to annual premiums ; and therefore it is sumcient 
for practical purposes in a pure-premium valuation to substitute the 
corresponding annual premium. That was sufficiently accurate, and 
was the course he had always adopted himself. 

Mr. Sutton said that bearing in mind the statement made that 
the company to which this report relates, makes a high rate of 
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interest upon its investments, be would have expected to see some 
reference made to the other end of the transaction, namely, to the 
loss of interest arising from the payment of the claim prior to the end 
of the year in which death takes place. As is well known, in using 
A, the assumption is made practically that payment of the claim will 
be made on the average half a year after death. There is, however, 
no actual necessity to take a year as the interval of time in these 
matters, and for consistency sake he should rather be inclined to the 
use of the general formula A****=P**W"*^ Theoretically, at all events, 
this would be better, and in the particular case before us it would 
apparently be practically better to use a formula which should give 
effect to the actual conditions of the policy as to payment of claim. 
The formulas used in this paper are admittedly only approximate, 
the correction applied being the same for all ages and rates of 
interest. He would have liked to see used the correction given by 
Mr. Woolhouse, which involves the age and rate of interest, namely, 

, . m — 1 fn^ — 1 , ^. 

«,«,=«+ ______ (^+8). 

If the Institute tables were again to be published, he would like 
to see the value of this correction tabulated so that it could be 
immediately used. On reading this paper, it occurred to him that 
the question raised had been long ago disposed of by Mr. Woolhouse 
in his paper "On an Improved Theory of Annuities and Assurances", 
in the Journal, vol. xv. In that most valuable paper Mr. Woolhouse 
has gone thoroughly into the matter, and arrives at the result that, 
whether the current premiums for valuation are payable yearly, half- 
yearly, quarterly, &c., the proper annuity -value to use is a, that is, 
a continuous annuity, whose value is known to be approximately 

a+i— T^Oi+S), or say a-hi. 

On page 111 he savs, " We have only to further 

enunciate the principle here advanced, that the average present value 
of the current premiimis of an assurance company at a given present 
age, the same being due at promiscuous periods after the date of 
valuation, is the same as that of a current annuity under similar 
circumstances, and in years' purchase is equal to the present value of 
a continuous annuity commencing immediately at tne present age, 
and that this is accurately and rigidly true, whether the premiums be 
payable yearly or by instalments." 

Mr. J. W. GoBDOK' said that, remembering the third purpose which 
the additional premium paid half-yearly or quarterly serves, namely, 
that of compensating for the " loss of premium when the payments are 
really premiums and not instalments of yearly premiums", it can 
readily be seen why the result which has been brought out in the 
paper should arise. Translated from mathematical into colloquial 
language, it may be expressed in some such way as this. In 
determining the net quarterly premium, which at the age x will be 
equivalent to a given annual premium, we have to consider what is 
the mortality within a year; and as the term over which the premium 
is to be paid,* will generally comprise many years, and does comprise 
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the whole term of life in the case under consideration ; it is clear that 
the ratio of the quarterly to the annual premium will depend, not on 
the mortality in any ])articular year (^^r)* but on the mean value of 
this function for the whole period. Now, starting from age 20, or 
any later age, mortality gets heavier as we proceed. Therefore, a 
larger provision must be made for proportions of premiums that will 
be lost in the uncompleted portions of the years of death ; and it is 
only another way of saying this, to say that at the age or+S the 
net quarterly premium which will be equivalent to a given annual 
premium, is greater than the net quarterly premium which will be 
equivalent to the same annual payment at the earlier age, a:. 

Mr. K. P. Hardy would have been glad to see the question 
considered with reference to those cases where a short annuity is 
required. There are some valuations in which those contracts are 
in very large and sometimes almost unmanageable numbers. He 
thought it desirable that points of this descri])tion, when they arise 
in practice, should be communicated to the Institute. 

Mr. Gr. H. Kyan enquired whether in practice it is not more 
usual to charge what are generally called '* instalment '* premiums, 
than the theoretical half-yearly or quarterly premiums. The latter 
assume that the deaths in the year are equally spread over the year, 
and that it is an equal ])robability whether the assured will die in the 
first, the second, the third, or the fourth quarter. But this is an 
assumption which statistics do not confirm, for on referring to the 
liegistrar- General's report for 1879, it will be se^n that the mortality 
for the first three months of the year was 62 per-cent; for the second 
three months '52 per-cent ; for the third three months '41 per-cent ; 
and for the fourth three months "58 per-cent. That is to say, the 
mortality of the first quarter exceeds that of the second by about 20 
per-cent ; that of the third by about 50 per-cent ; and that of the 
fourth by about 17 per-cent. In view of the heavy mortality of the 
first quarter shown by these figures, he thought it would not be 
quite correct or wise to adopt the theoretical half-yearly or quarterly 
premiums. But by charging the ** instalment " premiums we should 
avoid the loss of the premium which the larger number of deaths in the 
early portion of the year would occasion. It may be a question for 
future consideration whether this heavy mortality in the. first three 
months of the year would not require some small additional reserve 
in the valuation of annual policies. 

The President — The assumption of a uniform distribution of 
deaths runs through all our calculations, and if we refined to the 
extent of allowing any weight to the undoubted fact that the mortality 
in the winter, or, say, in the first and fourth quarters of the year, is 
greater than in the summer, or in the second or third quarters, it 
might involve possibly the asking for two half-yearly premiums of 
unequal amount. 

Mr. G. Kino explained that the small paper presented by 
Mr. Sprague and himself was simply a fragment. It did not purport 
to be an exhaustive treatise on the subject, but was merely an extract 
from a business report, that had been submitted to the Institute 
because it deals with certain matters that are of practical importance. 
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It would have been interesting to discuss the subject from the point 
of view of limited premiums, as suggested by Mr. Hardy ; but that 
had not been done in the report from which the paper was a verbatim 
extract ; and the point was therefore necessarily left unnoticed in the 
paper. Mr. Sutton had suggested that, in dealing with half-yearly 
and quarterly premiums, we ought to include in the formulas the 
assurance payable at the end of the interval, instead of at the end of 
the year ; but since we do not alter the date of the paj^ment of a 
claim because we alter the mode of payment of the premium, it 
would not have been correct so to nnodify the formulas. The A that 
appears in the formulas may be taken to represent the value of the sum 
assured paid at the end of the year of death, or three months after 
proof of death, or at the moment of death — it does not in the least 
degree matter which ; but whether the premium be paid yearly, half- 
yearly, or quarterly, the same value must be assigned to A throughout. 
He did not know what is the most common practice in dealing with 
half-yearly and quarterly premiums. With many of the old companies 
it is not a matter of any practical importance, because the majority 
of the premiums are receivable yearly, and the comparatively small 
number that are receivable otherwise will not affect the results. But 
certainly in some quarters — in the colonies, for instance — it is very 
common indeed to do a large amount of business at half-yearly and 
quarterly premiums — in some companies two-thirds of the whole 
business, — and, consequently it becomes a matter of importance to 
consider the question in connection with the valuation. The practical 
result of the paper is this — that if we take the ordinary annual 
premium P, and multiply it by the suitable annuity, that is to say 
(J-fff) for yearly premiums, and (f + «) for half-yearly, and (i+a) 
for quarterly, and value each policy separately, we get a result which 
is very close indeed to the result of multiplying the full premium, P, 
F*>, or V^*\ as the case may be, in all cases by (i4- «), the reserve being 
only very slightly less. The practice of taking the yearly premium P 
in all cases, and valuing by (i + a), is practically a very proper method 
to pursue where there is not a very large number of half-yearly and 
quarterly cases ; but the effect of it is slightly to overstate the resei*ve 
necessary. We can look at the matter from a different point of view 
from that mentioned in the paper, that is to say, retrospectively. If 
we take the formula (i + «),that practically assumes that a whole 
year's premium was received six months ago ; whereas, in the case of 
a half-yearly policy, only half a premium was received six months ago, 
and it is an even chance whether the other half has been received or 
not. Therefore, on the average; we have received three quarters of a 
year's premium, and we can very fairly add to the value of our 
premiums one quarter of the premium income under half-yearly 
premium policies, and consequently reduce our liability to the same 
amount. Similarly we can add to the value of the premiums five- 
eighths of the premium income imder quarterly premium policies. 
Where, however, the number of policies on half-yearly and quarterly 
premiums is not very great, that correction is really unnecessary ; and 
if we omit it, we are on the safe side by somewhat overstating our 
liability. That is the course pursued by most of the oldest and 
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strongest companies, while other companies, quite correctly from a 
theoretical point of view, and quite safely from a practical point of 
view, insert the equivalent annual premium F^* or F*\ As regards 
the unequal distribution of deaths over the year, we do not refer to 
the calendar year, but to the year of life ; and consequently it is not 
a matter of the slightest consequence to us how the deaths happen in 
the calendar year. We must look at the year of life. 



Note by Me. Speagtte. 

Having regard to the fact that the President thinks the paper 
goes into unnecessary refinements, while other speakers wish further 
refinements introduced, it is perhaps fair to conclude that, in the 
practical method of valuation suggested by Mr. King and myself, 
the happy mean has been attained. The common method of valuation 
in London is to assume that the next yearly premium will, on the 
average, fall due in six months' time, and to add *5 to the tabular 
annuity. If this method is pursued, the proper course in the case 
of half-yearly and quarterly premiums is, not to substitute the 
equivalent yearly premium, but to value the theoretical half-yearly 
and quarterly premiums ; and if we value the equivalent yearly 
premium, we get too large a reserve. It is, however, well known 
that the assumption that the premiums on the average fall due in 
six months' time from the valuation, is at variance with the facts ; 
and it would therefore not be suitable to value the premiums by 
the continuous annuity, as suggested by Mr. Sutton. Some offices 
introduce a correction by assuming that the next yearly premium 
falls due, not in six months' time on an average, but in seven or eight 
months' time. An assumption of this sort may answer sufficiently 
well when almost all the premiums are payable yearly, but will, I 
think, be found quite unsuitable when there are a great many half- 
yearly and quarterly premiums. In my opinion, a better plan is to 
value all the policies as if the next premium were immediately due, 
and to make for each policy an additional reserve equal to the 
proportion of the premium for the time that will elapse before the 
next premium falls due. This is the principle that was adopted in 
the report by Mr. King and myself. This plan being followed, it 
will greatly facilitate the valuation if the same annuity, l-f-a^+H, 
can be used whether the premiums are payable yearly, half-yearly, 
or quarterly ; and in the preceding paper it is shown that the error 
resulting from this course is very trifling. I have since carried the 
investigation a step further, and obtained a remarkably neat formula 
for the amount of the error. Assuming vtx to be the annual net 
premium valued, and the age at valuation to be x+n, then the 
value of a policy on which the premium is payable yearly is 
Aa.+»--(l + aa?+»)ra'«. If the premium is payable half-yearly, the 
value will be A»+»— (•75-|-a;c+»)crjp<*^ The difference between these 
values is 
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(1 -h ax^n)^x— (W -f fl;p+»)tirj.<*>= (1 H- «ar+»)tD'«— ,yg (! + <»») iff* 

1 +<»«+» 'TS+a^+i 






" ir'(n-flx)C76+a;,) 

that is to say, the reserve when the theoretical half-yearly premium 
is valued, is greater than the reserve when the yearly premium is 
valued, by a sum equal to the value of a policy for a half of one 
half-yearly premium. This result is obviously correct. In accepting 
half-yearly premiums we run the risk, as compared with the yearly 
payments, of losing the second half-yearly premium in the year of 
death ; or, on the usual assumption of a uniform distribution of 
deaths, we lose one half-yearly premium in every other case ; that is 
to say, on the average we lose half a half-year's premium in every case, 
and we require to have in hand a sufficient sum to compensate for 
this loss. 

I take this opportunity of publishing another neat result which 
I have lately arrived at. If a is the age at entry, and we value the 
net premium for age ^+1) thus assuming that the first year's 
premium will be absorbed by the first year's expenses and risk, in 
accordance with the principle which I have on various occasions 
recommended, the result of this will be that in the first insurance 
year we make a reserve for the policy exactlj*^ equal to the risk of 
death in the unexpired portion of the year. First, take the case of 
a policy just effected; then the value, on the principle indicated, will be 

Ox 



1 H- »«+i 

:=V''Vpx^vqx, 

which is the single premium for a term insurance of one year. Next 
suppose that a portion of the first year, represented by the fraction t, 
has elapsed ; then the value of the policy will be 

Now A.x+t= 0—-t)Ax'{-t Aoj+i , approximately, 

and i-t\^x+t=^0-'-t)ax+t(l + ax+i) ; 

whence i-t\^x+t • ^x+i= (1 — ^x^x+i + ^ ^+i > 

and A^+t—i-t\^x+t'^x+i=0-'-^)i^x-'ax^x+i) 

= (l'-t)vqx, 

which is the proportionate part of the year's risk for the unexpired 
time, 1—^. 
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On the Rate of Interest in Annuities-Certain. By 

George F. Hardy^ F.LA. 

[Read before the Institute, 27 Feb. 1882.] 

JL HE problem of finding the rate of interest corresponding to a 
given annuity-value^ has engaged considerable attention at various 
times; and many formulas have been proposed for obtaining 
approximate solutions by the aid of existing tables of annuities. 
Most of these will be found in Mr. Sutton^s paper on the Rate of 
Interest yielded by Foreign Loans {J J. A., xix, 77). Of the 5 
formulas there given^ (2) is probably the most generally useful^ 
(3), (4), and especially (5) (Prof. De Morgan^s formula), involving 
a good deal of calculation. The object of the present short paper 
is to suggest 2 new formulas, which give very accurate results, 
and at the same time require but little work in their practical 
application. 

Let a be the value of an annuity for n years certain, at a 
rate of interest t, (which it is required to find), and let ai, Os, as, 
be the tabulated annuity-values for the same term at the rates 
ii} «i+A, ii-f-2A, where a lies between ai and a^y and consequently 
t between ii and t'l + A. Put i = I'l + p ; then if A , A*, represent the 
successive differences of ai, 02, &c., we shall have approximately 

This formula is obtained as follows : — 
We have, stopping at second difierences, 

a=«,+ e(A-iA«) + g^' .... (2) 

=a. + e(A-iA«)[l + f^,] .... (8) 

As the quantity ^ . ^. .^ is a small fraction, we may write 
approximately, for the expression in the brackets [ ], 

o-?A^r^*^^*- 

I (A-iA«) 
A A-iA» 
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This last expression is, in fact, more exact than (2), since, in 
expanding (4), new terms appear, which approximately equal those 
suppressed in (2).* From (4) we get 

whence 

p a — fli 



A A-iA«4.ifLZf5i)M! .... (5) 

^|A-iA» JA^p 

I a-a, ^A-iA«i • • • W 

from which we at once get (1), which is substituted for (5) as 
being a more convenient working formula. 

We might have obtained (1) as follows : neglecting the 2nd 

power of ^ in (2), we should have approximately 

h ■" A-JA^ ' *'' h^ 2 "" A U-iAV 2" ' 
Substituting this value in (2), we have 

which agrees with (5), and therefore with (1). 

• The suppressed tenns In (2) are ^ T? — l) (r — 2J — + smaller terms; 

k) 4/a--4a2^ **" *™*^^'''' terms. Considering only 

the leading terms, their average values (found by integrating ^ith respect to 

p A' ^^V' 

^, since this fraction may have any value from to 1) will be — and —7^ — ^— - • 
h io 1Z(A — jA^^ 

respectively. Now the quantities tj > Tj » — r — > *^e very nearly equal to the 

first three differential coefficients of a, that is, of — ^ — . If, therefore, 

we develop a in ascending powers of x and differentiate, we shall find (A— ^A^) 
„-t'L±l(l-2(j^,.HAc.);A»-A' ("^y^^) (l-3(^..HAc.); 

A*--**^""^-^)— vi!?—) (^i_4(l+i)« + &c.) ; from which we find 

18 72 \ 6 / 12(A-iA>) 

_ _ *'(»^l)(^+2)(«-h2) ^j _ 6» + 19^ ^ ^ >j . ^^ ^^^ ^^^^ ,^j^ 

approximately equal to | of the former. Hence we may sa^ that, roughly 
speaking, the new terms in (4) supply the place of those rejected m (2). 

T 2 
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It will be sufficient to give one or two examples to show the 
accuracy of the formula in practice. Where great exactness is 
required, it will be better to operate with the logs or with the 
reciprocals of the annuity-values, as the differences with these 
functions diminish more rapidly ; but with Rance^s Tables, where 
the values are tabulated for every J per-cent, we obtain results 
sufficiently exact for all practical purposes. In practice, in fact, 
(1) may be worked out with sufficient accuracy by Crelle's Tables, 
as an example of which process we may take the following : — 

A. An annuity-certain for 30 years is bought for 19 years' 
purchase ; what rate of interest is made on the investment ? 

Here «=190000; «=03+/}; A=±-0025; 



at 3 per-cent fli = 19-6004 
„ 3J „ aj= 18-9819 



A 

--6185 
-•5899 



A» 

+ -0286 



„ Si „ ^3= 18-3920 
a-.fli=-.-6004; iA«=0143; A-iA2=--6328; 



whence 



_.^./6328 143 \ 
••• ^=*^2H6004-6328>) 

= -0025 (1-054- •023)-^ 

1-031 ^^-^^ ^ 
1= 032425, 



-1 



which is correct to the last figure. All the above working was 
done by " Crelle^', and every figure used is put down. 

B. As another example, we will take that discussed by Mr. 
Baden in his remarks upon Mr. Sutton's paper. Given 
a=ll-99051 ; term=30 years ; to find i. 

Taking the values of the annuities at 7^, 7^, and 7| per-cent, 
from '^ Ranee'', we find 



a= 11-99051 

a, = 12-10366 
aa= 11-81039 
fl3= 11-52861 



A 

-•29327 
- -28178 



A» 

+ -01 149 



A=-0025; fl-ai= --11315; iA«=-00575; A-iA«=— 29902; 

29902 575 )-i 



p=-0025|^-j3jg- 



29902 J 
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11315)29902 
22630 


2-6426 29902)575 

299 

276 
269 

7 

• 
■ • 


•0192 2-6426 
- -0192 




7272 
6789 

483 
453 

30 
23 


2-6234)-002500 
2361 

139 
131 

t, = -072500 8 

p = -000953 


•000953 «p 


7 


t = 073463, 





which, again, is correct to the last figure, the true value of t being 
•07345253. In this case the whole of the working is set out in 
full, but the result might have been obtained with equal accuracy 
by'^Crelle". 

If no tables are available which give annuity-values for every 
quarter per-cent, we get equally good resalts by working with the 
logs or reciprocals at intervals of ^ per-cent. Thus, taking 

example A, with the values of - given in Chisholm's " Commuta- 
tion Tables", for 3, 3^, and 4 per-cent, we have 



^ = -^„= 0526316 

, a 19 




aQ 


- =0510193 


A 


A' 


+ 0033520 


+ 0001068 


- =-0543718 


•0034588 




- =0578301 

«3 






A=005; -- ^ = -0016123 ; iA« = 

a ai 


•0000534 ; 


= 003296; whence 







32986 



534 )-» 



^-'""^116123 "^329861 

= •005(2-0621)-' = -0024248 

fi = -0300000 

.-. 1=0324248, 

which result difi^ers from the truth by 4 in the 7th place. If we 
had worked with the logs instead of the reciprocals of the annuity- 
values, our result would have been in error by only 1 in the 7th 
place of decimals, or about jj^th of a penny per-cent. Even with 
intervals of 1 per-cent in the tabulated values, this method gives 
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fair results. Thus in our example B, when the reciprocals are used 
for intervals of 1 per-cent, t = '073450, or by logs, i = *073i'55, 
which results are respectively less and greater than the truth by 
the quantity "0000025 ; that is, there would be an error in the 
rate per-cent of ^th of a penny. 

As a final test, we may apply the formula to the example 
quoted by Mr. Sutton from De Morgan, namely, a =9*5233704; 
term = 100 years ; assuming that we have only the values 
tabulated to 10 per-cent, we get (taking the values at 8, 9, and 
10 per-cent, and working with the reciprocals), i= '10499992, a 
result almost identical with that brought out by Prof. De Morgan's 
very elaborate formula. 

It will be seen that the greatest error in any of the examples 
discussed does not amount to more than a fraction of a farthing 
per-cent, an exactness probably quite sufficient for all ordinary 
requirements. The formula may obviously be employed in the 
solution of any similar inverse problem ; for example, to find the 
rate of interest returned to the purchaser of a Debenture Bond. 
In this case We have to solve the equation 

,•.-.-^=0, 
a 

where I'l is the nominal rate of interest, t the true rate, p the 
premium paid for the bond (a negative quantity if bought at a 
discount), and a the value of an annuity for the given term of 
n years at the rate i. Thus, let 1*1 = -06; p=-075; n = 20 (the 
number of years at the end of which the bond is redeemable 
at par). 
We have, 

at 47o (t'l-O- - =-02--075 (07358175) = +-01448137= w, 

„ 5»/o = 01 - -075 (08024259) = + -00398181 = «, 

„ 67o = - -075 (0871 8456) = - -00653884= a. 

Here t=04+/); «-«,= -01448137; iA»=- 00001055; 
A -JA»= --01048901; 



P 



-•01 /" lo^sgoi 1055 y 

~ U448137 10489017 



=•01378710; 

whence »= -05378710, a result which differs from the 

truth hy unity in the 8th place. 
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Generally speakings however, it is sufficient in these problems 
to use the ordinary interpolation by first diflFerenees ; thus we get, 
in the above example, from t^ and t^, 

«= 053785, 

which is true to the 5th place. With i*ates at intervals of a quarter 
per-cent, the results by this latter method are, perhaps, as exact 
as can be required for any purpose. Thus, taking the values of 

- for 5J and 5^ per-cent, in the above example we find 

I = '05378690, which though not so exact as the result given by 
the formula (1), yet differs by only g^th of a penny per-cent from 
the trae rate. 

I will now add another formula which gives on the whole 
better results than the preceding, especially when working with 
the values of the annuities themselves, or their logs. If we 
assume that the successive differences of ^i, 02, &c., form a geo- 
metrical progression (which will be found to be approximately 
true), we shall have 

(putting -^-fc) 

=»,+ ''-^'''-' a (8) 

.-. (-^ = (1 + .)^-!; 

whence V = log ( . ' « + 1 j 

log (1 +«) 

Substitute for the logarithms the approximate values 

log(l4-j3r)=^ , and the above expression will be found to 

reduce to the following : — 



(9) 
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a — fli 

where A, A'^ a, a\, p, have the same meanings as in formula (1). 
If we apply (10) to example A, we get (taking the values to an 
extra figure) 

A= --61852, iA»= 01432 

a— a, = —-60044; 

I 60420 

whence p= -0025 ] (•61852)" . 

( -60044 

log •61852=9-79185 log •60420=9-78118 

log (-61852)»=^^ -log -62283=9-79437 

9*98681 

log -60044=9^77847 ^j^g >0025=7*39794 

9.804a4=log 63715 log .0024252 = 738475 
— 1432 — 



•62283 



/. /[)= 0024252 
and f = *0324252 



which is true to the last figure. 

In the same way we get for the value of i, in example B^ 
1 = "0734528, with an error of 3 in the last place. 

It may not be generally known that Inwood's Tables, published 
by Lockwood and Co., give the cologs of the values of annuities- 
certain for all durations to 100 years, for every gth per-cent below 
6 per-cent, and for other intervals, up to 12 per-cent. From the 
closeness of the intervals, the results given by ordinary interpolation 
by 1st diflferences are very exact. The book is, I believe, pub- 
lished at 8^. 



Discussion. 

The PEESiDBirr (Mr. A. H. Bailey) remarked that the rate of 
interest in annuities-certain is a question of importance. He had not 
had time to read Mr. Hardy's paper carefully, and would therefore 
only say that Mr. Hardy did not seem to know Colonel Oakes's tables, 
which give the values of annuities-certain for every \ per-cent, and 
which are therefore very applicable to the problems considered in the 
paper. 

Mr. Sttttok' suggested that it would be desirable to explain how 
the formula (No. 2) is obtained. It is hardly self-evident, and 
remembering the trouble involved in dealing with formulas for inter- 
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polation when he conducted the Institute class, he thought it desirable 
that the intermediate steps should be inserted. The formula, as it 
stands, is identical, as far as it goes, with Mr. Woolhouse's general 
formula (J,LA. xi, 68) 

Neglecting central differences beyond the first two, this becomes 



V^=Vo-har^ao+|*o). 



Putting p -7-h for a?, since the interval in the above is 1 instead of A, 
and substituting the values a^ for Vq, and a for Vj., and substituting 
for ^0 ^^^ h their equivalents A — ^A^ and A* respectively, the result 
is Mr. Hardy's formula. The formula he had himself used in the 
paper referred to by Mr. Hardy, when put into a similar shape to 
Mr. Hardy's, is 

a^-di 

da^ 1 a — «! d^Oi 

di 2 doi dv 

di 

dOn d di 

If, in this formula, instead of -rr and -r^ we substitute their 

di at 

approximate values, as given by Mr. Woolhouse, namely, 

we get the formula proposed by Mr. Hardy. In Mr. Woolhouse's 
remarkable paper on General Numerical Solution, of which the 
paper before us is only a particular case, the very example used by 
Mr. Hardy is taken as a numerical illustration. With regard to 
Mr. Hardy's second working formula (No. 10), which he says gives 
better results, he was not sure that Mr. Hardy had used the Amplest 
method of deducing it. Acting upon the approximate result 

loge(l+z) = 2^ = (^^- - + &C.J , 

where z is very small, the formula might be obtained directly from 
his other formula (No. 5). He did not remember to have ever seen 
Crelle's tables referred to in any paper read before the Institute ; but 
he considered them most valuable for the practical labors of an 
actuary. 

Mr. G. F. Haedt, in reply, said he was aware of the existence of 
Col. Oakes's tables, but Ranee's were so generally used that he pre- 
ferred to assume that the annuity -values were only available, as in 
these tables, at intervals of i per-cent. Of course, where they are 
tabulated for intervals of i per-cent, the calculations are much 
shorter. He mentioned Inwood's tables, thinking that it should be 
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known that so unpretentious a book contains such a valuable series of 
interest tables. Mr. Sutton, who obtains formula No. 2 from Mr. 
Woolhouse's formula of central differences, does not consider it self- 
evident. He himself certainly had taken it to be so, obtaining it by 
a very slight change from the ordinary formula in finite differences 

Collecting the coefficients of x and a^, we immediately obtain 

It is true that formula (1) is equivalent to that given in Mr. Sutton's 
paper, only that the differential coefficients which appear in the latter 
are represented in the former by approximate values ; but formula (I) 
is deduced by an entirely different process, namely, by making use of 
the successive differences of the function dealt with, which can easily 
be obtained from the tables, in lieu of the differential coefficients, the 
values of which must be calculated. This method, moreover, gives 
better results than if the differential coefficients are used ; indeed, 
the first part of the paper goes to show that the errors involved in the 
two approximations which are made, to a certain extent neutralize 
one another. In the first place, of course, we make use of an 
approximation by stopping at second differences; in the second 
place, we adopt another approximation, by writing an expression of 
the form (1 + j?), where 2; is a small fraction, in what is taken to be 
an equivalent form, (l—z)^^. Although, however, we have these 
two successive approximations, the new terms which appear by the 
use of the second, nearly represent those which are suppressed by the 
employment of the first, so that practically the formula approximately 
takes account of the third differences as well as the second. The 
object of the other formula given — (No. 10) — is to approximately 
represent all the successive differences. If the theory were correct 
that these formed a geometrical progression, this formula would be 
absolutely accurate (setting aside the approximations to the values 
of the logarithms). 



An Improved Method of Approximating to the Value of Annuities 
involving Three Lives. By George F. Hardy^ F.I.A. 

[Read before the Institute, 27 Feb. 1882.] 

J. HE ordinaiy method of approximating to three-life annuities is 
as follows : — Let the lives be aged i-espectively Xy y, z, [x being 
the youngest). Find an age w such that at the given rate of 
interest a^o^Oyg, then axyz=^aano nearly. Baily diminishes the 
vftlue thus found by -05, but I cannot say if this correction is 
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usually made.* It will generally be found to be too small if the 
lives are very young, but much too large at the older ages. 

It has been shown that the above method (neglecting now the 
correction referred to) is strictly accurate in any mortality table 
where the mortality conforms to Mr. Gompertz^s hypothesis, and 
where consequently the force of mortality can be represented 
throughout by the expression 

(B and q being constants). The reason for this is, that the force 
of mortality for two joint lives, x, x-\-t, may be represented by a 
similar expression 

(where q*' = q*-\-l). 

It follows from this that if we have 

we have also fhc+t=f^v+t.z+t } 

and, the force of mortality in the joint status being equal to that 
for the single life, throughout the table, the two annuities are 
identical, not only as to their total value, but also as to the value 
of each successive payment. 

The force of mortality in all known tables, however, can be 
very much better represented, as in Mr. Makeham's formula, by 
the expression 

/A^=A + B^^. 

The introduction of the constant A into the expression, however, 
renders it impossible to represent the various payments of a joint- 

^ We have obtained the following information as to the practice on this point 
of 24 offices in London and Edinburgh. Seven offices, in applying Simpson's 
rule, make the correction of — -05 ; and one other makes it only when the lives 
npon which the annuity depends, are over 60 years of age. Twelve offices use 
Simpson's rule without the correction. Two use the following modification of 
Simpson's rule, devised by Mr. Mciklc : — 



//«ar/-«jr(r-l)\ 



where ar^i'>a„>ar, r being the integral age next above w, (This formula is 
given and explained in a paper on Joint Life Annuities, by Mr. J. J. McLauchlan, 
in the Transactions of the Actuarial Society of Edinhurght New Series, No. 2.) 
One office has adopted the tables appended to Messrs. King and Hardy's paper on 
the Practical Application of Mr. Makeham's Formula to the Graduation of 
Mortality Tables (J.I.A., xxii, 191). One office calculates the values of annuities 
on three joint lives by means of Mr. Woolhouse's formula (D) {J.I.A., xi, 321). 

The correction of — *05, although attributed to Baily by D. Jones, appears to 
have been originally suggested by Price. See his Observations on Reversionary 
Payments, 7th edition, vol. ii, p. 366, — Ed. J.I.A- 
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life annuity by those of any single-life annuity at the same rate of 
interest. In other words, we have, with Mr. Gompertz's formula, 

y«y+» if 

Put q^'=z[(^-{-\) and y-\-t'^w, and the latter expression reduces 
exactly to the former, and we have 



D^adw 'Dy,y+tdy 

and consequently for all values of n, 

^w+n ^y +n.y+t+n 

^iv ^y.y+t 

With Mr. Makeham's formula, however, we get 

^y.y+t(*y 

and this latter expression can no longer be reduced to the form of 
that for the single life at the same rate of interest; but, as 
Mr. Woolhouse has shown, this may be done if we take a new 
rate of interest, i', for the single-life annuity, such that 

log,(l+0=log,(l+i)+A. 

In order, therefore, to avoid the error involved in the ordinary 
method for obtaining the value of a^yzy or at least to considerably 
diminish it, we should proceed as follows. Suppose i the given 
rate of interest; let i' = i + A, which will practically satisfy the 
equation log « (1 + i') = log « (1 -h i) + A . Let a^, &c., denote 
annuities at the rate i ; Ox, &c., annuities on the same statuses at 
the rate i'. Then, to find the value of axyz> let a'ta=^yz} and 
a'a?«7 = fl«y*, nearly. 

The value of the constant, A, diflFers of course in various tables 
of mortality, but it will be almost always somewhat over '005 ; 
hence there will always be increased accuracy if we take the 
annuities a^, a xw3 at an addition of \ pcr-cent over the original 
rate of interest. I find for the values of A in the following 
tables, approximately, 
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H^ . . . . A= 00620 

English . . . =00750 

Carlisle . . . ='00750 

Davies's Equitable . =-00666 

Hence, if the above rule is followed, it may be expected to 
reduce the error by the ordinary method to about one-fifth in the 
case of H^ Table, one-fourth for Davies's Equitable, and one-third 
for the English and Carlisle. If, in the case of the two last, the 
annuities a'^y o.'xw be taken at an advance of f per-cent on the 
original rate of interest, the error in the final value for Oxyz may 
be expected practically to disappear, and will certainly be very 
small as compared with the error arising from the usual mode of 
approximation. 

I will now give one or two examples of the effect, in practice, 
of simply raising the rate at which a'«, and a'^^ are taken by \ 
per-cent, and then show how we may approximate to the results 
we should obtain by raising the rate by the true value of the 
constant A. 

To find the value of ^20. 20. so (H^ 3 per-cent) : — 

By the ordinary method we find 

^20.30= 17*3149= ^39.526 j a20.39-52tf = 15-5276 ; 
.*• a2o.2o. 30= 15*5276, or, if diminished by Baily's constant '05, 
= 15*4776. 

By the method proposed, 

fl20.80=17*3149=a's6.04i (at 3 J per-cent) ; a'20. 35041= 15*4194 

.•. a2o.2o.8o= 15*4194. 

The true value of the required annuity at 3 per-cent is 
15*3912. Hence, by the ordinary method, there is an error of no 
less than -f *1364, which, by the proposed alteration, is reduced 
to +'0282, about one-fifth of the former quantity. It will be 
seen at once that the amount of work is precisely the same in each 
case; all the steps corresponding. 

As another illustration, we may find the value of flao. 40.50 (H^ 
3 per-cent). 

The ordinary rule gives 

fl40.50=ll'8177 = fl55-747 a30.65-747 = 10*8114; 

.*. a30.40.50= 10*81 14. 
By the method proposed, 

a4o.5o=ll*8177 = fl'M2oo (at 3J per-cent); a'30. 54200 =10*7924; 

.'. ^30.40.50= 10*7924. 
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The true value in this case is 10*7840, so that the errora by the 
two methods are respectively +'0274! and -f0084. In the 
present instance Baily's correction would not much improve the 
result. 

It will be obvious that the results just obtained may be made 
more accurate by the following simple method. What we have 
done is equivalent to assuming the value of A to be "OOS ; its true 
value we know to be '0062. If, therefore, we find the value of the 
required annuities on the assumption that A = *0100 (that is, by 
taking a'^ and a'^no at 4 per-cent instead of 3i per-cent) and then 
add to our former result one-fourth of the difference between it 
and the result thus obtained, we shall practically have a result 
equivalent to that which would have been obtained by assuming 
A ='00625 (that is, by taking a'^, &c., at 3 J per-cent). These 
remarks refer to the H^ Table. In the case of the Carlisle and 
English, one-half of the difference between the results (using 4 
per-cent and 3^ per-cent respectively for a'<i,, &c.,) must be added 
to the latter result ; and for the Equitable Experience, one-third 
of the difference must be added. 

As illustrations, let us take the examples just given. In 
finding the value of fl20.20.30> we obtained by taking fl2o.3o at 3 per- 
cent =fl'3504i, at 3^ per-cent, ^20.20.30 = 15*4194. By using 4 per- 
cent annuities for «'«,, a'^w} we get 

flao. 30 =17-3149, as before, 

= a' 28-935 34 per-cent result 15*4194 

fl2o.2o.3o=fl'2o.28 935=16-2755 Jth difference— 0360 

By 3^ per-cent annuities = 15-4194 15-3834 

Difference- 1439 True value 15-3912 

"^"^ Error =— -0078 

Supposing that the values of the joint annuities at 3^ per-cent 
had not been tabulated, we should have proceeded thus : — 

Value by ordinary process (all ) ^.p^.t^^^f, 

annuities taken at 3 per-cent) j 
Value a'„, &c., at 4 per-cent =15-2755 

Difference = -2521 
Value fl'tc, &c., at 3f per-cent =15-5276-1 (-2521) 

= 15-5276 
— -1576 



020.20.30= 15-3700 
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Taking the second example^ we find 

a'w and fl'a^ at 3^ per-cent, ff3o.4o.6o=i0"^924 
„ ,, at 4 „ ,, =107628 

DiflEerence= — -0296 

.-. a8o.4o.5o=10-7924-J(-0296) = io-7860 

True value =10*7840 

Error = ooio 



Or, when the joint annuities are not tabulated at \ per-cents, 

All annuities at 3 per-cent, a^o. 40.50 =10*8114 
a'fg, and a'^w at 4 „ « = 10-7628 

Diflference= -0486 



flao. 40. 50= 10-8114- f (-0486) = 10*7810 

Error = — 0030 



The above remarks assume throughout that the mortality table 
dealt with conforms nearly to Mr. Makeham^s formula^ and that 
a constant value of A may be adopted throughout the table. In 
the case of the H*' Table this supposition is very nearly true. 
The method may however be varied so as to become quite general, 
and this may be done in several ways. For example, let us have, 
as before, a^^ayg. One necessary condition, in order that a'^^^ 
should be exactly equivalent to axyz} would be that (for all values 
of t) a'^j^t should equal fly+^«+^. Since this condition cannot 
be exactly met, we may take an average value of t (say for 
example the nearest integer in aj^jp), and if a rate cannot be found 
at which we have both 

we may assume (the first equation being satisfied) that the error 
in the second equation will be proportional to the error in the 
final result found by putting aa^g=axw' Thus we should proceed 
as follows : — 

To find 020.90.30 we have, as before, 

fl».3o=17*3149=fl'35.o4i (at 3J per-cent) 

=of^»'935 (at 4 per-cent). 
Now (taking 17 as our value of /), we have 
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*^a».3o=fls7.47= 12*7499, 
at 3^ per-cent a'«,.04i = 12-5330=^37.47— '2169, 
at 4 per-cent a'''45-936= 13-6523 =a37. 47 + '9024. 

And, assuming that the errors in the above equations are propor- 
tionate to the errors in the resulting values of tf 90.90. so, as obtained 
from a'90. 35041 (at 3^ per-cent) and a^^2o.»98s (at 4 per-cent), we 
should have as our final result 

/ '21 o9 . , f/ \ 

fi».».80— fl 20.35*041 — •2Tfi04-'Q024 ^^ 20.35041 — ^ 20.28*935^ 

= 15-4194- -194 (1439) 
= 15-3915; 

the true value being 15*3912, a difference of only -0003. Apply- 
ing the same process to find aao.4o.6o^ we get the value 10*7839 
with an error of only -0001. ^ 

The above method is somewhat laborious ; and, in the case of 
the Carlisle Table especially, where the graduation is very bad, 
we usually have errors affecting the 2nd place of decimals. We 
have, however, another necessary condition, in order that a^no 
should be the exact equivalent of axygi this is, that we should 
have 



ttyg^Oy, 



&c. 

in other words, we must have the successive orders of increasing 
annuities equal for both statuses. This will be seen if we expand 
the values of axyg and axw ip terms of these annuities 

aa>y,=a„ + k'la^ + k"i^a^-ViiC (3) 

where k\ k'\ &c., are the successive differential coefficients of D^p 
divided by that quantity. Generally, it will be a sufficient 
approximation, if we can make ayg^a^ and Iayg=:la^; or if this 
again cannot be done exactly, except by using a fractional rate of 
interest for which values are not tabulated, we can always, by the 
following simple contrivance, find the approximate ratio of la^g 

and IcLuf 

Supposing we have two annuities, av,, a^, at different rates of 
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interest i, i\\ then putting i for the value of loga(l + r)— log^ 
(1 + i), we shall have 

a^=a'^ + 8Ifl^-f-&c (4) 

also fly,= a'y, + SIfly;,+ &C (5) 

Hence f — = 7~ > nearly . . . . (o) 

But if we neglect the terms involving k'\ &c., in equations (2) and 

(3)^ as we have the corresponding terms in equations (4) and (5)^ 

we get 

Ia« a*n — Ot 



liO «tO "XM7 



and finally^ from equations (6) and {7), we have 

ayg~~'0, yz t \ 

^xy — ^xye — "~ ~7^ V^w ^xw) 



(7) 



^xya 



^Cgy—-^ r^(a«7 — «*w) • • • (8) 



By means of this formula we can avoid all fractional ages^ the 
working being very simple. The point to be attended to is that 
we shall take a„ at such a rate of interest that we have^ as nearly 
as possible^ a„=^axy, snd aw—a'fo^axy^a'^; this^ by ensuring 
that the first two of the set of equations (1) are satisfied^ makes 
the approximation to the remaining conditions, Pa«y=Pa«9j &c.j 
more close. 

I close this paper with a few examples of the application of 
this last formula (8). Taking, again, ^20.20. so H^ 8 per-cent, 
we have 



at 8 %y flao. 30 =17-3149; at 3^ %> flas =17-3246 and flao. 36= 16-4263 
« 4 » a'ao. 30 =15-1633; „ 4^ „ a'35= 161862 

Difference for 1 7^ 

= fla).80"fl 20.80 



1= 21616 flss— a'35= 21883 



2-1616 8* '/o »*"/« 
•*• ^20. 20. 80 =fl20. 80"" 2^383 ^^""^20.35) 

= 17-8149-1019(l-8982) 
= 15-8958; 

being in excess of the true value by *0046. Here, and in other 
cases, having found a^g and Oyg—a'yg, we must see by inspection 
at what rate of interest Ou, must be taken, so that the required 

VOL. XXIII. u 
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conditions (fltr = fly« and a,o—a\c=ay2—a^ys) may be most nearly 
fulfilled. It will generally be found that ^^ should be taken at 
a rate ^ per-cent greater than ay^. 

As a further example of this process, we will find the value of 
^40.40.40 (Government Annuity Tables, Males, 5 per-cent). Here, 
as the values at 5^ per-cent are not available, a^, must be taken at 
5 per-cent, and we shall have 

at 5 per-cent, ^40.40=10-611; at 5 per-cent, flf6i = 10-750 

« 6 „ fl'4o.40= 9-712; „ 6 „ a\i^ 9-850 

fl40.4o— a'4o.40= -899 ffsi — a'6i= -900 

899, . 

.*. 040.40.40=^40.40— qoQ (fl'51~<'40.6l) 

= 10-611--999 (1-551) 
= 9062, 
the true value being 9*052; a difference of 'OlO. 

Applying the same process to find fl50.60.50 by the same table, 
at 5 per-cent, we obtain the value 6*954; in excess of the truth 
by '003. Again, for flso.32.34 (Carlisle 3 per-cent) taking a^o in 
this case =fl4o at 4 per-cent (which most nearly satisfies the 
required conditions), we find the value 12*960, the true value 
being 12*984. For fl20.22.26> by same table and rate of interest, 
we see by inspection that we must take a^^oss at 3^ per-cent, 
which gives for the value required 14*953, the true value being 
14*938. As a final example we will work out, by the same 
process, the value of fl30.40.50 by the H^ Table at 3 per-cent. 

Here we have, 

at3 7oi«40.50 = ll-8177; at 3^ %, 054 = 11-8^19; flsi—flso. 64 = 1*0416 
}, 4 „ fl4o. 60 = 10-7394; „ 4f „ fl54=: 10-8557 

Difference for in- ) 

10283 1-0292 



O' 



crease of 1 ^^ 



}= 



1*0283 . . 

^30 . 40 . 50 = ^40 . 60 " f- ()292 ^^^ "" ^80 . 54) 



= 11*8177-1*0407 
= 10*7770 
the true value being 10*7840; a difference of 0070. 

It will be convenient, in conclusion, to tabulate the results 
arrived at (1) by the use of the ordinary method ; (2) by the same 



« 



"N 
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method with Baily's correction ; (3) by taking the equivalent 
single-life annuity, a^y at an advance of \ per-cent in the rate of 
interest; (4) by means of equation (8). 



Annuity required. 


Errors bt UMDER-xxirnoNEO Methods. 


Ordinary 
Method. 


Ordinary 
Method, with 

Baily's 
Correction. 


Equivalent 
Single-Llfe 

Annuity at ^Vo 
higher Rate. 


By 

Equation (8). 


0) 

HM3O/0, dM.Jo.JO 
»» ^30.40.00 

Carlisle 3«/o, oao.a.M 
Gov. Males 5%, 040.40. 40 

ft n 090. SO. 00 


(2) 

+ 136 

+ •027 
+ •170 
+ •098 
+ •052 
+ •026 


(3) 

+ •086 
-023 
+ •120 
+ •048 
-002 
-024 


+ 028 
+ •008 
+ 055 
+ •087 
+ 022 
+ •010 


(5) 

+ •005 
-007 
+ •016 
-024 
+ •010 
+ •003 


Average error 

Do., irrespective of sign 


+ •085 
•085 


+ 036 
•051 


+ 035 
•035 


•000 
•Oil 



A comparison of the 2nd and 5th columns will show that 
equation (8) will enable us, with scarcely any additional labour, 
generally to reduce the error by the ordinary method to about 
one-eighth of its amount. It will be seen that by far the largest 
errors in columns (4) and (5) are those belonging to the Carlisle 
Table, this being no doubt due to its irregularities. If these 
results are excluded, we get an average error in column (4) of 
only -017, and in column (5) of only -006. 



Discussion. 

The President (Mr. A. H. Bailey) remarked that the paper was 
an excellent intellectual exercise, but in practice actuaries do not 
trouble themselves in the values of annuities with the accuracy of 
the third place of decimals. 

Mr. Sutton had not been quite able to ascertain where Mr. 
Hardy gets his value of A from in the expression for the value 
of fi. He thought that it would be desirable, particularly as 
r^ards the H^ Table, that there should be some description of 
how it is obtained. He called attention to this point because he 
had referred to Mr. Woolhouse's various values, and it does not 
agree with any one of them.* He was not sure that Mr. Hardy 

> 

* Mr. Hardy states that the value of A used by him is obtsined from the 
constants given in the joint paper by Messrs. King and Hardy, on Mr. Mukeham's 
formula {JoutimI, vol. xxii, p. 191). — £d. J J, A, 

V 2 
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had correctly represented the common practice hitherto in approxi- 
mating to three-life annuities. His own plan, certainly, would 
have been in the cases given to take, not the exact age to three 
decimal places, but the year older. For instance, in the first 
example the annuity on the two older joint lives, 20 and 30, is 
found to be equal to the annuity on a single life, age 39*526. 
Well, he should certainly in practice have taken that as 40. He 
would like again to call attention to Mr. Woolhouse's convenient 
formula (J.LA., xi, 321) 

A-m(Ym-\'Y2m+ . . . )+ -"2 jy O+S). 

The values of V«, Y^m, • . • . can be rapidly calculated, and the 
formula gives generally results very near the truth ; and he was not 
at all sure that he could not calculate a joint-life annuity by it almost 
as quickly as by Mr. Hardy's second method of approximation. He 
considered this short paper of Mr. Hardy's to be one of the most 
practically valuable which the Institute has had read before 'it for 
some time past, and the more it is read and gone into by persons who 
are in the habit of making similar calculations, the more they will 
appreciate it. 

Mr. R. P. Habdt was much pleased with the methods and results 
of the paper. These are not (with submission to the President) 
merely intellectual exercises, but practical aids of essential service, 
for instance, if an estate has to be cut up for division under the 
Court of Chancery. If one were put into the witness-box to justify 
calculations made by such formulas, it would be easy to show that 
they had been done correctly, and so satisfy the technical requirements 
of the Court. Calculations by means of Mr. Woolhouse's formula 
can be made with very great rapidity; but if you had eight or 
nine of them to complete before ten o'clock in the morning, you 
would be very thankful if you could reduce the work as shown in 
the paper. 

Mr. BuMSTED asked Mr. Hardy whether he had applied his 
formula to the case of annuities on old lives — say, to a joint annuity 
on lives of 70, 80, and 90, and whether the difference would come out 
greater than it does in the cases in the paper, which relate only to 
very young lives — 20, 30, and 40, and 30, 40, and 50. 

The Pbesident, in asking Mr. Hardy to reply, said he hoped he 
would not be misunderstood when he said that the paper is an 
intellectual exercise. But it was strongly impressed on his mind 
that all our calculations of the values of life annuities are approxi- 
mations, and that, therefore, errors of '001 in one case and '003 in 
another, need not be regarded. 

Mr. Habdt, in his reply, said that the first part of his paper waa 
intended to show that by a very small alteration in the ordinary 
method of proceeding, and one which does not involve the slightest 
additional work, the errors by the ordinary method, which in some 
cases may be considerable, may be reduced to about one-fourth or 
one-fifth of their amount. It is not always a question of errors in 
the third place of decimals, as will be seen by the first example given, 
where the ordinary process produces an error of a unit in the first 
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place of decimals. If we had to solve a question in which the final 
result was not the three-life annuiby, but the diflference between' it 
and the joint-life annuity (which might happen in the case of a 
survivorship), the error might amount to as much as 5 per-cent of 
the whole amount. The more exact methods described involve 
certainly some amount of calculation ; still they will be found useful 
where it is desired to obtain results as accurate as possible, without 
going through the longer calculations involved in Mr. Woolhouse's 
formula. The whole of the work can be readily gone through in 
about five or six minutes. Mr. Sutton considers that it is quite 
sufiicient in practice to take the equivalent life at the next higher 
age, and that if the age came out, for instance, as in the first example, 
39*526, he would take age 40. This would involve very little error ; 
but it evidently would be a rather rough process for arriving at our 
result to deal in the same way with the equivalent life aged 35*04, 
by calling this 36 ; while if we took the next younger age, 35, we 
should be still further increasing the error due to the ordinary method 
of approximation. 



On the Influence of Selection on the Mortality from different 
Classes of Diseases amongst Assured Lives. By William 
R. DovBY, F.F.A., Actuarial Assistant ^ Standard Life Assur- 
ance Company y London. 

U PON the selection of lives depends to a large extent the financial 
success of a life assurance company^ as the acceptance of under- 
average risks at ordinary rates may be as prejudicial to the well- 
being of an office as an imprudent investment of its funds. The 
opposition of interests also suggests the necessity for caution^ and 
calls for the constant exercise of sound judgment. The care taken 
by life offices to exclude inferior risks^ invariably has the effect of 
reducing the number of deaths in the early years of assurance con- 
siderably below those indicated in the tables upon which their 
calculations are based. The extent and duration of this favourable 
influence have been repeatedly investigated^ and the subject is now 
well understood. In this paper it is proposed to extend the enquiry 
to the partial death-rates from various classes of diseases^ and thus 
to ascertain the strength of this self-protecting power in different 
directions. A somewhat wider meaning will be attached to the 
term ''selection'^ in the following pages than has usually been 
associated with it by actuarial writers. It will be regarded as 
including not only the effects of the medical examination^ but also 
those other selecting causes which impart to the mortality of assured 
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lives the characteristics it is seen to possess when compared with 
that of the general population. 

The death-rates of assured lives from different groups of dis- 
eases in the earlier years of risk, have been calculated by Mr. 
Meikle, and published in his Observations on the Rate of Mortality 
of Assured Lives, as experienced by 10 Assurance Companies in 
Scotland.* With the exception of a column relating exclusively to 
diseases of women, his figures are here reproduced. 

Table (A). 

Bate of Mortality from various Causes of Death during each year of 

Assurance. 



Tear of 
ABfloranoe. 


Causes of Death. 


Zvmotic 
Diseases. 


Uncertain 
Beat 


Tuber- 
cular 
Diseases. 


Brain 

and 

Nerves. 


Heart and 
Blood, 
vessels. 


Longs. 


Digestive 
Organs. 


Urinary 
Organs. 




1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 

Qenend arer-'N 
afB probabi- 
lity of death. L 
from eaelioi f 
(he oauMf of 
death . .) 


•001629 
•001684 
•001958 
•001788 
•001894 
•002214 
•002060 
•002337 
•001982 
•002067 
•002097 
•001875 

•002129 


•000088 
•000303 
•000493 
•000566 
•000734 
•000889 
•000812 
•000917 
•000584 
•001047 
•000826 
•001154 

•000812 


•000374 
•000981 
•001915 
•002109 
•002031 
•001968 
•002351 
•002154 
•001956 
•002010 
•002383 
•001983 

•001749 


•000528 
•000969 
•001383 
•001712 
•002099 
•002251 
•002518 
•002566 
•003150 
•003199 
•003558 
•003786 

•002973 


•000198 
•000436 
•000657 
•000764 
•000990 
•000738 
•001228 
•001100 
•001422 
•001274 
•001874 
•002055 

•001485 


•000506 
•000848 
•001164 
•001024 
•001536 
•001230 
•001810 
•001512 
•001600 
•002067 
•002256 
•002560 

•001938 


•000704 
•000884 
•001109 
•001467 
•001297 
•001419 
•001540 
•001764 
•001778 
•001727 
•002224 
•002488 

•001821 


•000088 
•000157 
•000164 
•000290 
•000393 
•000530 
•000416 
•000321 
•000483 
•000566 
•000540 

• « * 

•000534 



In order to arrive at the computed rates^ with which the above 
may be compared so as to elicit the effects of selection^ two pre- 
liminary operations were necessary^ the first being to analyze the 
mortality which prevails in an unselected population^ and the 
second to ascertain the distribution^ as regards age^ of a body of 
assured lives passing through years 0^ 1^ 2^ &c.j of assurance. 
With reference to the first, I should naturally have preferred using 
the statistics embodied in the reports of the Registrar-General of 
England, as they afford the widest basis attainable for such cal- 
culations. The system of nomenclature of diseases, however, 
adopted by Dr. Farr, did not lend itself to the purpose in hand, 
and I therefore availed myself of the reports of the Kegistrar- 



* Messrs. Blackwood and Sons ;- EcUnburgh, 1872. 
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General of Scotland^ and more particularly of the appendix to the 
Eleventh Detailed Annual Report, which contains summaries of 
the deaths registered in Scotland during the 10 years, 1855-1864 
inclusive.* From this source the numher of deaths caused by the 
various groups of diseases, at difiFerent periods of life, were 
obtained. 

Table (B). 
Deaths in Scotland, 1855-1864, Males, — Specified Causes, 



Ages. 



O- 4 
5- 9 
10-14 
15-24 
25-34 
35-44 
45-54 
55-64 
65-74 
75 & uprds. 



9 s 

y 

NO- 






44,757 
8,387 
2,278 
4,101 
2,i75 
2,202 
2,241 
2.214 
2,148 
1,724 



949 

339 

222 

385 

457 

719 

1,221 

1.798 

1,858 

1,370 






15,413 
8,652 
2,435 

10,760 
7,914 
4.950 
3,473 
2,319 
910 
193 



•9 . 


• 


ss 


■e 1 


_ > 
S hi 


s 1 




ft J 


6,439 


285 


1,028 


183 


639 


223 


1.241 


768 


1.405 


980 


1,923 


1,434 


2,378 


1,825 


3,505 


2,545 


4,226 


2,648 


3,380 


1,491 






19,038 
1,189 
390 
1,465 
1,747 
2,334 
3,4 U 
4,431 
4,U9 
3.091 






SO 



12,082 
528 
445 
1,053 
1,124 
1,552 
1,976 
2,437 
2,333 
1,209 



S 



237 
132 
101 
340 
411 
449 
540 
839 
1,192 
1,147 



^ u m 
O 2 $ 

«d a « 



18,339 
373 
290 
449 
318 
377 
526 
1,361 
6,047 

16,709 



.5 V 



2,288 

768 

936 

2,455 

2,282 

2,075 

1,731 

1,309 

745 

412 



In addition to the above, there were 510 cases, attributed to 
various diseases, in which the age at death was not recorded. From 
enquiries made, it appears probable that these refer mainly to 
deaths during infancy. In the absence, however, of any definite 
guide, and as this residuum is too small to affect the computed 
rates afterwards obtained for assured lives, except perhaps occa- 
sionally in the sixth decimal place, no attempt was made to spread 
the number pertaining to each group over the different ages. 

The years of life applicable to this decade have been calculated 
by Mr. Meikle, and will be found on page 2 of his work already 
mentioned. The figures there given relate to the total deaths, 
including those from unspecified causes, which are not embraced 
in my calculations. A slight adjustment was therefore necessary, 
and this was effected by diminishing the years of life, in the ratio 
of the total deaths to the deaths from specified causes. The 
numbers are here shown, as arrived at by Mr. Meikle, and as 
adjusted for the purposes of this investigation. 



* Similar tables have been published for the decade 1861-70, but the statistics 
of the earlier period were preferred, as they arc contemporaneous with those 
relating to assured lives. 
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Male FopulatioUy Scotland, 1855-64. 



Ages. 


Yean of Life. 


Yean of life, 
acyosted. 


0- 4 


2,087,650 


1,881,154 


5- 9 


1,826,902 


1,745,892 


10-14 


1,649,364 


1^7,250 


15-24 


2,781,028 


2,683,788 


26-34 


1,928,120 


1,854,476 


85-44 


1,520,779 


1,465,228 


45-54 


1,179,542 


1,129,858 


55-64 


817,927 


776,685 


65-74 


421,851 


419,155 


76 A upuraids 


190,124 


188,949 



Having now brought together the years of life^ and the corres- 
ponding deaths at various ages from the different groups of 
diseases^ I proceeded to derive the probabilities of dyings and the 
results are collected in Table (C)^ (p. 289). 

So far as I am aware^ the mortality of a general population 
has not hitherto been represented in this analyzed form. Atten- 
tion may, therefore^ be drawn to the fact that the partial death- 
rates bear a strong resemblance to the rate of mortality from all 
causes combined^ as regards the periods of life at which they are 
most destructive. The rate applicable to each group of diseases 
will be seen to be very fatal during infancy, diminishing to a 
minimum in boyhood, and thereafter (with one exception) 
increasing in strength to the end of life. It is worthy of notice 
that these remarks also apply to the class of violent deaths. 
Only in the case of tubercular diseases is a departure found from 
the general curve to M'hich the rest conform. This group 
possesses the same features as the others, until the decennial 
period 25-84, when the maximum is attained, and thereafter the 
rate decreases as the age increases. 

The second preliminary process was, as already mentioned^ 
to group according to ages, a body of assured lives passing 
through each year of assurance 0-9 inclusive. The materials 
for this purpose were taken from pages 249-258 of the Mortality 
Experience of 20 Offices, published by the Institute of Actuaries. 
Having separated the lives in each of these years of assurance 
into quinquennial groups of ages, the proportion was then 
calculated, which the number in each group bore to the total 
number at all ages. The following example (p. 290) shows how 
the figures for year in the H^ Table were obtained, 
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Ages. 


Nos. exposed 
to liisk. 


Logs of Nos. 

expofU'd to 

Riiik. 


Logs in pre- 
cediuj? Column 
minus 4'8U7«5. 


Proportion 
expo!»ed to 

1 


Under 10 


235 


2-37107 


8-56322 


•00366 


10-14 


348 


2-54158 


8-73373 


-00542 


15-19 


1411-5 


314968 


2-34183 


•02197 1 


20-24 


7279 


3-86207 
^4-10639 


1-05422 


•11330 


25-29 


12776 


1-29854 


•19886 


30-34 


12781-5 


4-10658 


r-29873 


•19894 


85-39 


10508-5 


4-02133 


1-21348 


•16349 1 


40-44 


7486 


3-87425 


1-06640 


•11652 


45-49 


5095-5 


3-70719 


2-89934 


•07931 


' 50-54 


3160 


3-49969 


2-69184 


•04919 


55-59 


1823 


3-26079 


2-45294 


•02837 


60-64 


874 


2-94151 


2-13366 


•01360 


65-69 


346 


2-53908 


3-73123 


•00538 


70-74 


104-5 


2-01912 


3-21127 


•00163 


75-79 


17 


1-23045 


4-42260 


•00026 


80 & above 


6-5 


-81291 


4-00506 


•00010 


64247 


4-80785 


« • • 


1-00000 



In this way Table (D) (p. 291) was computed, showing, out of 
100,000 lives passing through each year of assurance, how many 
will be in each of the successive quinquennial periods of life. 

By means of Tables (C) and (D) we are able to compute the 
expected rate of mortality in each year of assurance for each of 
the specified groups of diseases. The precise manner in which 
they were arrived at, will be seen by glancing over the following 
example of the calculations : — 

Expected Deaths, — Zymotic Diseases: Year of Assurance. 



Ages. 


Proportion of 

Assured Lives 

at each Age. 


Logs of Nos. 

in previous 

Column. 


Log of 

ProlMibility 

of Dying. 


Sum of Logs 
in two prece- 
ding Columns. 


Computed Rate 
of Mortolity. 


Under 10 
10-14 
15-24 
25-34 
85-44 
45-54 
55-64 
65-74 

76 & upwards 


-00366 
-00542 
-13527 
•39780 
•28001 
•12850 

•04197 
•00701 
•00036 


3-56348 
3-73400 
1-13120 
1-59966 
1-44717 
1-10890 
2-62294 
3-84572 
4-55630 


2-17497 
3-16256 
3-18412 
3-1 254^ 
3-17696 
3-297c4 
3-45500 
3-70969 
3-96023 


5-73845 
6-89656 
4-31532 
4-72514 
4-62413 
4-4064i 
4-07794 
5-55541 
6-51653 


1 
•00005476 

-00000788 ' 

-00020669 

-00053106 

-00042085 

-00025494 

•00011966 

-00003593 

-00000329 


1-00000 


• • ■ 


t • • 


• • • 


•00163506 
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In this way the computed rates were arrived at in each of the 
tables which follow, and I now proceed to examine the eflFects of 
selection under the different classes of disease. 

Table (E). — Zymotic Diseases. 



Years of 


Actual Rates 


Computed Rates 
of Mortality. 


Actual 

Deatlisto 

100 computed. 


Assurance. 


of Mortality. 





•001629 


•001636 


99*63 


1 


•001684 


•001635 


10300 


2 


•001958 


•001668 


117-38 


8 


•001788 


•001696 


105-42 


4 


•001894 


•001728 


109-61 


5 


•002214 


•001755 


12616 


6 


•002060 


•001811 


11375 


7 


•002337 


•001857 


125-85 


8 


•001982 


•001906 


103-99 


9 


•002067 


•001956 


105-67 



By the comparison thus made, it will be observed that the 
actual mortality from this group of diseases exceeds the expected 
in each year of assurance as far as the table extends, with the 
exception of year 0, when the two rates are nearly equal. The 
comparatively heavy death-rate to which assured lives are subject 
may be in a very large measure explained by the fact that the 
inhabitants of towns are much more liable to these diseases than 
persons living in the country. Thus, during the 10 years 
1861-1870, the average annual proportion of deaths from zymotic 
diseases to every million persons was, in the 



Insular DiBtricts of Scotland 

Mainland Rural do. 

Town do. 

Scotland (general average) . 



2,886 
4,120 
6,669 
5,132 



It is exceedingly probable that the proportion of assured lives 
residing in towns is larger than that of the entire population ; and 
assuming this to be the case, we have a sufficient reason for the 
mortality amongst the former being heavier than that derived 
from the death registers of the nation. Diseases of this nature 
are controllable to a large extent by means of sanitary precautions, 
and communities are thereby enabled to exercise a measure of 
self-protection. With the individual, however, personal healthi- 
ness affords little security ; for the soundest constitution may at 
any time succumb to an attack of fever or dysentery. As life 
offices attract mainly those who reside in centres of population^ 
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where the risk of infection is much greater than in rural districts^ 
we may conclude that, as far as the mortality from zymotic 
diseases is concerned, selection — using the term in a wide sense — 
has a negative value. 

Table (F). — Diseases of Uncertain Seat. 



Yean 

of 

Aiwurance. 


Actual 

Rates of 

Mortality. 


Computed 

Rates of 

Mortality. 


Actual 

Deaths to 100 

computed. 


Ayerages of 

coniiecutiTe 

Years. 





•000088 


•000528 


16-67 




1 


•000303 


•000570 


53-16 




2 

8 


•000493 
•000566 


•000617 
•000667 


79-91 
84-86 


] 82-4 


4 
5 


•000734 
•000889 


•000721 
•000778 


101-80 
114-27 


1 1080 


6 

7 


•000812 
•000917 


•000838 
•000899 


96-90 
10200 


] 99-6 


8 
9 


•000584 

-ooiai7 


•000963 
•001028 


60-64 
101-86 


] 81-2 



The comparatively narrow basis from which the figures relating 
to assured lives are derived, occasions irregularities which do not 
appear in the statistics drawn from the larger numbers of the male 
population of Scotland. The actual deaths increase from 1667 of 
the computed number, in year 0, to 84*86 in year 3 ; and there- 
after, with two exceptions, cease to compare favourably with the 
estimated mortality. To this table and those which follow, I 
have appended the averages of consecutive years whenever these 
appeared to be instructive. The great majority of the deaths in 
this group of diseases, are attributed to cancer and dropsy; and 
as death from the former cause is preceded by an illness of a 
protracted nature, we may infer that selection strongly influences 
the deaths therefrom in the early years of assurance. 

Dropsy has ceased to be regarded as a primary cause of death, 
but it still figures largely as such in the reports of the Registrar- 
General. The mortality amongst the general population from 
diseases of uncertain seat, is thus overstated, by deaths being 
included in it that would be more correctly attributed to those 
organic diseases of which dropsy is frequently a symptom. On 
the other hand, the mortality from diseases of the heart, and of 
the digestive and urinary organs, which are sometimes accom- 
panied by dropsy, is understated. The same is true, to a lesser 
extent, of the corresponding statistics of assured lives, which were 
calculated from the experience of Scotch offices from 1815 to 
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31 December 1863. Daring the greater part of this period, 
dropsy was regarded as being a sufficient designation of the cause 
of death in the certificates rcquired by life assurance offices in 
proof of death, though now it is seldom met with in these 
documents. 

Table (G). — Tubercular Diseases, 



Years 


Actual 


Computed 


Actual 


Avera^^ of 


of 


Rates of 


Rates of 


Deaths to 100 


consecutive 


Assurance. 


Mortality. 


Mortality. 


computed. 


Years. 





•000374 


•003750 


997 




1 


•000981 


•003672 


26-72 


1 89-5 


2 


•001915 


•003668 


52-21 


8 


•002109 


•003619 


58-27 


j 57-6 


4 


•002031 


•003569 


56-91 


5 


•001968 


•003518 


55-94 


] 61^9 


6 


•002351 


•003460 


67-79 


7 


•002154 


•003408 


63-20 


1 60-7 


8 


•001956 


•003356 


58-28 


9 


•002010 


•003306 


60-93 





This group deserves particular attention, not only on account 
of the important disease it includes (namely, consumption), but 
also because it is here that life assurance companies expect to 
derive especial benefit from the professional skill of their medical 
officers. The comparison of the actual with the expected rate of 
mortality, shows that selection reduces the mortality during the 
first eighteen months to a very large extent. From the second to 
the sixth years of assurance, the actual deaths vary from 52'21 to 
67*79 per-cent of the computed. The ratio does not show a 
tendency to increase in the later years of assurance. 

The very low death-rate from tubercular diseases amongst 
newly-assured lives, is no doubt owing to the medical examination 
detecting the signs of incipient disease, and eliminating from the 
applicants those who are clearly liable to an early death from con- 
sumption. When the immediate effects of the medical examina- 
tion have, however, passed away, there remains a more permanent, 
though less strongly marked influence, in the reduction of the 
mortality for a long series of years — to about two-thirds of the 
rate which obtains amongst the general population of the country. 

Leaving for a few moments the consideration of the rates of 
mortality relating to the years of assurance, we may observe the 
effects of selection, by contrasting the death-rates applicable to 
decennial periods of life. The figures in the following table have 
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been brought together in order to illustrate this aspect of the 
subject : — 

Table (H). 

Annual Number of Deaths from Consumption to 10,000 Men living 

at each Group of Ages. 



Ages. 


British 

10 ARHurance 
Companies. 


Lives. 

Population 
of Scotland. 


1 
American Lives. 


New York 
MntiiAl. 


City of 
New York. 


20-29 


23 


46 


24 


70 


30-39 


21 


35 


20 


71 


40-49 


16 


31 


17 


66 


50-59 


13 


30 


14 


84 


60-69 


8 


27 


18 


110 


70-79 


6 


17 


80 


161 



The rates of mortality of English and American assured lives^ 
are very similar during the first four decades. After age 60, a 
marked deviation takes place — the British rate diminishing, and 
the American increasing. This feature is also presented by the 
figures drawn from the unselected lives. I am unable to discover 
any cause for this difference, and can only assume that it arises 
from the dissimilar climatic and other conditions which prevail in 
the two countries. 

The above figures also clearly indicate, that consumption is not 
pre-eminently a disease of youth. The erroneousness of the 
popular opinion on the subject has been demonstrated by several 
writers. The American statistics agree in attributing a very heavy 
rate of mortality to consumption at the advanced ages of life. In 
this country, on the contrary, the probability of dying from con- 
sumption diminishes as the age increases, but not so rapidly 
as is commonly supposed. In Scotland, during the decade 
1861-1870, consumption was the dominant cause of death at all 
ages between 15 and 60. On account of its causing about one- 
third of the deaths which occur between the ages of 20 and 30, it 
is much noticed as a cause of death amongst young persons. At 
later ages consumption becomes less and less conspicuous, mainly 
on account of the increased strength of other diseases. An examina- 
tion of the columns in Table (C), leads to the conclusion that, 
instead of consumption being chiefly a disease of youth, it is dis- 
tinguished as being more evenly destructive at all ages from boy- 
hood to senility, than is the case with any other class of diseases. 
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When consumption has caused one or more deaths among 
the near relations of a proposer, the circumstance is invariably 
regarded as affecting very materially the eligibility of the life for 
assumnce. In enquiring into this subject, it is surprising how 
little statistical evidence, of a satisfactory nature, can be brought 
forward in support of the opinion generally entertained as to the 
very hereditary nature of this disease. 

Several physicians have collected statistics of patients under 
treatment for consumption in hospitals and other similar institu- 
tions. Their tables are, however, deprived of much of their value 
— as promoting the solution of the general question — on account 
of their being framed from the statements of poor people, who 
are often very ignorant of the precise causes of death of their 
relations. The reports which have been published by medical 
officers of life assurance institutions, generally refer to this 
subject; but the materials at their disposal have been usually 
too limited to do justice to the ability employed in their inter- 
pretation. The report by the medical officers of the Mutual 
Life Insurance Company of New York (issued in 1877) contains 
the results of a very elaborate investigation into their consumptive 
risks. The following table is there given, comparing the family 
histoiies of 1,031 persons who died of consumption, with the 
family histories of an equal number who died of other 

diseases : — 

Table (J). 





Parent Conhumptive. 


Brothers 

or 
Sisters. 


Total with 
Fninily 
Taint. 




Fathers. 


Motliers. 


Totol. 


Consumptives . 

Percentage . 

NON-CONSUMPTIVB . 

Percentage . 


46 

■ ■ • 

20 

• • • 


66 

• ■ • 

32 

• • • 


101 
979 

62 
604 


93 
9*02 

60 

4-86 


194 
18-81 

102 
9-89 



It thus appears, that of those who died from consumption, 
18*81 per-cent were members of families in which consumption 
had made an appearance at the time the proposal papers were 
filled up. Of those dying from other diseases, only 9*89 per-cent 
belonged to families which exhibited a consumptive taint. The 
experience of this office may therefore be regarded as sustaining, 
at least with respect to American lives, the view usually enter- 
tained as to the hereditary character of consumption. The 
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mortality from this disease in the United States is, however, so 
dissimilar to the rate which prevails in England, that there is good 
reason to doubt whether the experience of the New York Mutual 
corresponds to that of British offices. No enquiry into the 
hereditary nature of consumption, based on a large number of 
lives, has yet been made by statistical writers in this country, so 
far as I have been able to ascertain; and there are no data 
sufficiently extensive or exact to guide those who have not had 
long experience, as to the weight which should be attached to the 
statements, frequently made by proposers, to the effect that a 
parent or a brother or sister has died of consumption. With the 
view of supplying to some extent the want of information on the 
subject, I have brought together, in the following table, the results 
of an examination of the proposal papers relating to 818 persons, 
whose deaths are recorded in the obituary of a large assurance 
company. Cards were used similar to those employed in collect- 
ing statistics for the New Experience Table, and the particulars 
were first filled in relating to 409 lives who had died of con- 
sumption. An equal number of cards were then completed 
respecting persons who had died of various other diseases, taken 
from the pages of the current obituary in the order in which the 
deaths were intimated to the office. 



Tablb (K). 

Comparison of the Family Histories of 409 Persons dying of 
Consumption with those of an Equal Number dying of other 
Diseases, 





Parents. 


Brothers 

and 
Sisters. 


ToUls. 


Percentages. 


Consumptives . 
Non-Consumptives . 


10 
6 


52 
39 


62 

44 


15-2 
10-8 



Out of 409 consumptives, there were 62 or 15*2 per-cent, who 
bad lost a parent or a brother or sister from consumption ; and out 
of the same number of non-consumptives, there were 44 or 10*8 
per-cent. 

These figures show that consumption has a decided tendency 
to develop itself in the healthy members of families in which it 
has already appeared, while they discountenance the extreme 
opinions occasionally entertained. Though the table does not 
present a new aspect of the subject, it is not on that account 

VOL. XXIII. X 
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devoid of value, as the collection and interpretation of statistics on 
this and other points of assurance pi*actice tend to diminish the 
existing diversity of opinion regarding them, and promote the 
general acceptance of well-grounded views. By associating, also, 
a definite significance with those defects of personal or family 
history which are brought to light in the proposal papers, a 
decision as to the eligibility of a life for assurance is arrived at 
with facility and confidence. 

While liability to consumption depends to a large extent on 
personal health and inherited constitution, there appeara good 
reason to believe that its ravages are strongly influenced by 
occupations and habits of life. As the materials were at hand, 
the lives under observation were roughly classified according to 
the avocations of the assured, with the following result : — 

Table (L). 

Distribution according to Occupation of 409 Lives who died of 
Oon»umption, and of an Equal Number who died of other 
Diseases. 



Occapations. 


Consamptives. 


Non- 
ConsomptiTes. 


Clerks 


47 


10 


Farmers 


29 


46 


Professional Men, Manufacturers, kc. 


130 


167 


Tradesmen 


91 


92 


Artizans 


30 


23 


MisceUaneoos 


82 


71 


Totals .... 


409 


409 



The number of clerks amongst those dying of consumption is 
very large, and, when compared with the small number found in 
the other column, indicates that a heavy mortality from this disease 
prevails amongst those who are thus designated. The figures 
relating to farmers are very favourable, and contrast strongly with 
those of the class just referred to. This is accounted for by the 
consideration that a farmer's life is free from the sedentary habits 
and other conditions which give rise to a high death-rate from 
tubercular diseases amongst those who are employed as clerks. 
The smaller number of deaths in the first column — amongst 
professional men — may be explained by the circumstance that 
the average age at the time of insuring is higher in this group 
than in the others ; and as the chance of dying of consumption 
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gradually diminishes after the period of adolescence, a light 
mortality in this class might have been expected. 

The average duration of the policies was as follows : — 



409 lives dying of consumption . 
409 lives dying of other diseases . 



8 years 9 months. 
13 .. 8 



»> 



» 



Although the average duration of the first group of risks is 
short, it is not on this account to be inferred (as is sometimes 
done in comparisons of this kind) that the mortality has been 
unduly heavy and greater than that provided for in the ordinary 
premiums charged. Fuller consideration points to an opposite 
conclusion, as on referring to Table (G) it will be seen that, in 
the united experience of 10 offices (to which the company whose 
consumptive risks are now being examined was one of the largest 
contributors), the actual deaths were fewer than the computed, 
and that a considerable profit must have accrued from this source. 
It is clearly incorrect to assume that the mortality from any 
disease has been abnormally high, unless it can be shown to 
have exceeded its accustomed limits as a factor in the general 
mortality. 

Table (M). — Diseases of Brain and the Nervous System, 



Years 

of 

Assurance. 


Actiial 

Bates of 

MortaUty. 


Computed 

Rates of 

Mortality. 


Actual 

Deaths to 100 

computed. 


Averages of 

consecutive 

Years. 





•000628 


•001279 


41-28 




1 


•000969 


•001362 


7114 




2 
3 


•001383 
•001712 


•001456 
•001554 


9499 
110-17 


1 102-6 


4 
5 


•002099 
•002251 


•001659 
•001762 


126-52 
127*75 


1 1271 


6 

7 


•002518 
•002566 


•001855 
•002006 


13574 
127-92 


1 131-8 


8 
9 


•003150 
•008199 


•002127 
•002254 


148-09 
141-93 


1 145-0 



On comparing the actual with the computed deaths in this class, 
it is seen that after the second year of assurance selection ceases 
to exert its favourable influence on the mortality of assured lives. 
Thereafter the death-rate experienced is heavier than that which 
prevails amongst the general population; and the unfavourable 
difference increases in a marked manner with the length of time the 
lives have been under observation. On referring to Table (C), it 
will be seen that the probabilities of dying under this head increase 
very rapidly with age — a large proportion of those who succumb 

X 2 
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to these diseases being persons passing through the last few decades 
of life. The fact that the assuring classes are more subject to these 
diseases^ appears on reflection to be so natural a conclusion that 
statistics are hardly required to prove it. The bulk of the popula- 
tion is comprised of those who gain their livelihood by manual 
labour^ while a large proportion of the insured follow avocations 
which require mental rather than physical exertion. The profes- 
sional man^ also^ has responsibilities and anxieties connected with 
his daily work^ to which the artizan is a stranger^ and which must 
render him less able to withstand the attacks of diseases of the 
brain and the nervous system. The experience of the New York 
Mutual is different in this respect from that of Scotch offices. 
The rates of mortality they experience from diseases of this nature^ 
are less than those which prevail amongst the inhabitants of New 
York, and are considerably below those derived from British 
assured lives. This point will be briefly referred to afterwards. 

Table (N) . — Heart Diseases, 



Years 

of 

Assurance. 


Actual 

KatoH of 

Mortality. 


Computed 

Kates of 

Mortality. 


Actual 

Deaths to 100 

computed. 


Averaffes of 

consecutive 

Years. 





•000198 


•000917 


21^59 




1 


•000436 


•000980 


44-49 




2 
3 


•000657 
•000764 


•001049 
•001121 


62-63 
6816 


] 65-4 


4 
6 


•000990 
•000738 


•001197 
•001272 


82-72 
58-02 


] 70-4 


6 
7 


•001228 
•001100 


•001358 
•001440 


89-83 
76-38 


I 831 


8 
9 


•001422 
•001274 


•001525 
•001612 


93-24 
79-03 


1 861 



In this group of diseases the influence of selection is strongly 
manifested^ and appears to extend as far as we have been able to 
contrast the actual and the computed rates of mortality. In later 
years of assurance, there is good reason to believe that the mortality 
of assured lives from heart disease is higher than that of the general 
population ; for Mr. M eikle, in his Observations on the Mortality 
of Assured Lives, has shown that, after age 45, the proportion of 
deaths from heart diseases to the total deaths, is greater among 
policyholders than among the general male population. Below 
age 45, the proportion is in favour of the assured. On refening to 
Table (D) it will be seen that, in the ninth year of assurance, of 
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the total lives at risk^ 54*6 are under age 45^ so that the heavier 
mortality to which assured lives above that age are subject will 
not^ until after the first ten years of assurance^ perceptibly weigh 
down the rate. 

Table (P). — Lung Diseases, 



Tears 

of 

Assurance. 


Actual 

Rates of 

MortaUty. 


Computed 

Bates of 

Mortality. 


Actual 

Deaths to 100 

computed. 


Averages of 

consecutive 

Yeare. 





•000506 


•001628 


3108 




1 


•000848 


•001732 


48-96 




2 
3 


•001164 
•001024 


•001848 
•001970 


62-99 
51-98 


] 57-5 


4 
5 


•001536 
•001230 


•002098 
•002228 


73-21 
55-21 


1 642 


6 

7 


•001810 
•001512 


•002378 
•002522 


76-12 
59-95 


j 680 


8 
9 


•001600 
•002067 


■002674 
•002827 


59-84 
7312 


] 66-5 



The main diseases in this group are bronchitis, pleurisy, pneu- 
monia, and asthma — consumption being included in the class of 
tubercular diseases. In year of assurance the actual deaths are, 
roughly speaking, about one-third of the computed; in year 1, 
about one-half; and in year 2, about two-thirds. During the 
following years the ratios show irregularities, which are to a great 
extent lost sight of in the column of averages. The two rates do 
not appear to approach each other in the later years, and it is 
probable that the influence of selection in reducing the mortality 
from this class of diseases, extends for a much longer period than 
the first decade, if indeed it does not endure to the last years of 
assurance. Though no direct statistical information can be ob- 
tained on the point, it is very probable that these diseases are not 
so prevalent amongst the upper and middle classes as amongst 
the labouring population, and especially those who work in the 
open air and are exposed to the inclemency of the weather. In 
considering the peculiarities which are traceable in the mortality of 
assured lives, it is desirable to bear in mind that the medical 
examination, if it is the chief, is not the only determining influence, 
and that many features may be correctly ascribed to the conditions 
and modes of life which prevail in those ranks of society from 
which the policyholders have been drawn. 
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Table (Q). — Diseases of the Digestive Organs. 



Tears 

of 

ABSorance. 


Actual 
Rates of 

Mortality. 

•000704 


Computed 

Rates of 

Mortality. 


Actual 

Deaths to 100 

computed. 


Averages of 

consecutive 

Years. 





•001003 


70-19 




1 


■000884 


•001059 


8347 




2 


•001109 


•001123 


98-76 


"S 


3 

4 


•001467 
•001297 


•001189 
•001259 


12338 
10302 


[ 108-0 


5 


•001419 


•001328 


106^85 


J 


6 


•001540 


•001408 


109-38 


'S 


7 

8 


•001764 
•001778 


•001483 
•001561 


118-95 
113-90 


i 111-9 


9 


•001727 


•001641 


105-24 


^ 



In this important class of diseases^ selection has only a transient 
influence. In year 3 of assurance^ the actual deaths rise above the 
computed^ and in subsequent years the mortality experienced is 
unfavourable. The figures before us strengthen the opinion that 
diseases of the stomach and liver attack most readily those who, 
while following avocations of a sedentary character, are able to 
command the luxuries of the table. Professional and business 
men form the majority of assured lives, but are in a minority in the 
population ; and the influence of their mode of life will account for 
much of the unfavourable mortality experienced under this head 
by life offices. 

Table (R). — Diseases of the Urinary Organs. 



Tears 


Actual C 


Computed 


Actual 


Averages of 


of 


Rates of 


Rates of 


Deaths to 100 


consecutive 


Assurance. 


Mortality. 1 


iortality. 


computed. 


Years. 





•000088 


000821 


27-41 




1 


-000157 


•000341 


46-04 




2 


•000164 


000363 


45-18 




8 


•000290 


000386 


7513 




4 


•000393 


•000411 


95-62 


) 


6 


•000530 


000436 


121-66 


[ 102-2 


6 


•000416 


000466 


89-46 


3 


7 


•000321 


-000496 


64-86 


) 


8 


•000483 


•000526 


92-00 


[ 86^1 


9 


•000666 


•000567 


101-62 


5 



Selection reduces the actual rate of mortality very considerably 
during the first three years of assurance ; but, on account of the 
irregularities in the figures representing the experience of the 
offices, the measure of its force in the later years is somewhat 
uncertain. The ratio of the actual to the computed deaths attains 
its highest point in year 5, and after declining to year 7, again 



1882.] different Classes of Diseases amongst Assured Lives* 303 

rises. From the column of averages, it would appear that the 
influence of selection is not exhausted at the end of the decade. 

Gout is a predisposing cause to disorders of the bladder and 
kidneys ; and as the returns of the Registrar-General show that it 
is becoming more and more frequent, an increasing number of 
deaths amongst assured liyes may be anticipated from diseases of 
the urinary organs. 

The remaining classes of diseases are unimportant, and are 
not of a nature to be affected by the medical examination. The 
number of deaths which they caused among the persons assured 
in the 10 Scotch offices previously referred to, were too few to 
form satisfactory data for determining the probabilities of dying, 
and they were not computed. The materials are consequently 
not in existence, which would enable me to contrast the actual and 
computed rates of mortality from these causes of death, were it 
thought desirable to do so. In order, however, to complete as 
far as possible the preceding series of tables, the computed rates 
of mortality from these minor groups of diseases, and the class of 
violent deaths combined, were calculated. The results are here 
given : — 

Table (S). — Minor Groups of Diseases and Violent Deaths, 



Yftarsof 
Assurance. 


Computed Rates 
of Mortality. 


Years of 
AHSurance. 


Computed Rates 
of MortAlity. 



1 
2 
3 

4 


•001748 
•001815 
•001913 
•002004 
•002117 


6 
6 

7 
8 
9 


•002213 
•002356 
•002503 
•002664 
•002829 



The effects of selection as regards the partial death-rates 
having now been investigated, it appeared desirable, before leaving 
the subject, to contrast in a final table the computed and the actual 
rates of mortality from all causes. To effect this, the figui*es 
given in the last table were added to the corresponding rates 
relating to zymotic diseases, tubercular diseases, and the other 
groups, thus obtaining in a single column the computed rates 
from all causes in the successive years of assurance. The actual 
rates were calculated from the statistics on pages 249-253 of the 
volume published by the Institute of Actuaries, containing the 
mortality experience of 20 offices. They differ slightly from those 
yielded by the numbers at risk and deaths, tabulated by Mr. 
Sprague in his paper " On the Rate of Mortality among Assured 
Lives as influenced by the duration of the Assurance'^ {JJ.A,, 
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xy, 838), as the figures for ages under 15 and above 75 were 
not included in his calculations. 

Table (T). — Deaths from all Causes, 



Yean 


Actaal 


Computed 


Actual 


Averages of 


of 


Rates of 


Rates of 


Deaths to 100 


consecutive 


Assurance. 


Mortality. 


Mortality. 


computed. 


Years. 





■004592 


•012809 


3585 




1 


•007622 


•013166 


57-90 




2 


•009894 


•013705 


72-19 




3 


•011498 


•014206 


80-94 




4 


•013161 


•014759 


89-17 


] 87-4 


5 


•013079 


•015290 


85-54 


6 


•014254 


•015929 


89-49 




7 


•014^3 


•016613 


89-65 




8 


•015342 


•017301 


88-68 


1 89-6 


9 


•016296 


•018010 


90-49 



In the first five years, the proportion of actual deaths to the 
computed, rapidly rises; but, during the remaining years, the ratios 
remain almost stationary. As the unfavourable infiuence of the 
withdrawal of healthy persons by surrendering their policies, is 
strongly felt after the first 10 years of assurance, it may be 
assumed that, had the table extended further, the actual rates 
would have approached nearer the computed. 

The sum of the eflFects of selection under these various divisions, 
gives to the mortality of assured lives those characteristics which 
are observed on comparing the rates experienced, with those derived 
from a community of unselected lives. As when two rays of light, 
emitted by dissimilar bodies, are passed through the spectrum, the 
distinctive qualities of each are seen to proceed from a different 
combination of the primary colours; so in separating into those 
factors which medical science has defined, the mortality of two 
communities, the features of each will be found to arise from the 
different intensities of the various causes of death. 

In the course of our remarks, we have referred to some of the 
differences which exist in the rates of mortality of assured lives in 
this country and America. Under the head of Diseases of the 
Brain and Nervous System, it was mentioned that the death-rates 
from such disorders in Scotch offices, was considerably higher than 
that found to prevail amongst the members of the Mutual Life 
Assurance Society of New York. This difference in favour of 
the American lives is not an exceptional case, and will be found to 
characterize their general mortality experience. In the actuarial 
report of this office, published in 1874, it is shown that between 



1882.] different Classes of Diseases amongst Assured Lives, 305 

the ages of 27 and 63, the probabilities of dying do not in any 
instance exceed 80 per-cent of the Institute H^. 

By contrasting the mortality in various years of assurance a 
similar result is obtained, except in the first year of assurance, 
when there is a slight difference in favour of the English offices. 
The singularly favourable experience of this office, is thus referred 
to in the report : — ^^ The only explanation which suggests itself, is 
" that the care here exercised in the selection of risks, has been 
^' greater than in the English offices, and that its effects were not 
'^ manifested in the first year of assurance, when the deaths were 
^' mainly due to accidents and to the sudden and irresistible 
'' attacks of disease, but subsequently they became more and more 
apparent, when the strong constitutions, correct habits of life, 
and a favourable family history, presented a higher vitality to 
resist the several forces which destroy life/^ On comparing the 
experience of this office with those of the Scotch companies, as 
regards the mortality under different classes of diseases, difficulties 
arise in the way of accepting the above explanation as satisfactorily 
meeting the circumstances of the case. Thus, if the lives accepted 
by the New York Mutual were more carefully selected than those 
in British offices, the most marked differences would be found in 
the mortality from those diseases in which selection has most 
influence — pre-eminently in consumption. On contrasting, how- 
ever, the numbers dying from this disease with the corresponding 
deaths in the Scotch offices, as calculated by Mr. Meikle, it is 
found that the American office has experienced (he higher rate of 
mortality. This is shown in the following table : — 

Table (U). 

Number of Lives dying of Consumption, out of 10,000 exposed to 
risk, in each of the undermentioned years of Assurance, 



(t 



« 



cc 



Years of 


Scotch 


New York 


Assurance. 


Offices. 


Mutual. 





4 


7 


1 


10 


17 


2 


19 


21 


3 


21 


25 


4 


20 


24 


5-9 


21 


28 



On the other hand, in the mortality arising from diseases of 
the brain and nervous systems, over which the highest medical 
skill exercised in the selection of proposers has only a limited 
influence, the death-rate experienced by the American office is 
considerably below that deduced from the records of the Scotch 
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companies. Considering the high position held by the medical 
schools of this country, and that assurance offices here avail them- 
selves of the best talent of the profession, it appears very unlikely 
that their services will yield results so inferior to those of American 
physicians. I am rather disposed to refer the very favourable 
experience of the New York Mutual to other causes. 

By glancing over the various tables showing the effects of 
selection, it is at once apparent that it affects the mortality under 
the several groups of diseases very differently. In some instances^ 
its influence is strong and comparatively brief; in others, it is less 
pronounced, but more prolonged. Its effects are most conspicuous 
in the case of tubercular diseases, and in this direction the medical 
advisers of life assurance institutions are very successful in pro- 
tecting the interests of the offices for which they act. Zymotic 
diseases, on the contrary, are felt with at least equal severity in 
the chosen ranks of the assured as amongst the miscellaneous 
communities of the population. Of the other classes of diseases^ it 
may be remarked that the differences between the actual and the 
computed rates of mortality, appear to arise less from the medical 
examination, than from the influence of the habits and conditions 
of life which prevail amongst those grades of society to which the 
majority of the assured belong. 



Valuations of Policies in Bankrupt Life Insurance Companies. 

[From the Spectator of New York.] 

JL HE question as to how policies shall be valued for the purpose 
of distributing the funds of a bankrupt life insurance company, 
is one of considerable interest, and has given rise to some discussion 
and met with different solutions in different cases. The usual 
method adopted has been to compute the net values of such 
policies, by the legal standard of valuation, as of the date of the 
appointment of the receiver. It is contended, however, that this 
is not correct, for the reason that the statutes do not fix the 
standard of valuation for any purpose except to enable the 
Insurance Superintendent to judge of the solvency or insolvency 
of the company. When he has reported the company insolvent, 
and the courts have dissolved it, the policyholders appear in a 
different attitude ; not as a mass of creditors, requiring a reserve 
fund for their protection, but as a number of separate and individual 
claimants, each having a claim for damages for the breach of his 
own contract. The court is then obliged to determine what is 
the proper measure for damages to each claimant ; and, in doing 
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so^ must necessarily consider what is the contract in each case 
that has been broken by the failure of the company. 

It is contended that the net method of valuation ignores the 
actual contract, because it charges the policyholders only with net 
premiums as receivable in futuro, instead of the actual premium 
stated in the policy and which the policyholder has contracted to 
pay. Hence it was that in the distribution of the funds held by 
the Insurance Department of New York for the Widows and 
Orphans Benefit Life and several other companies. Justice Lamed, 
of the Supreme Court, adopted the inile that the policyholder 
should be credited with the value of his insurance as a single 
premium and charged with the value of the gross premiums stated 
in his policy. The effect of this method was, of course, to wipe 
out the value of most of the running policies, and to create some 
curious anomalies. For example, if two persons had taken policies 
of the same kind, age, and amount, one upon the stock plan with 
a low rate of premium, and the other on the participating plan 
with a higher rate of premium, the non-participating policy, the 
value of whose future premiums was small, might have a value ; 
and the other, with a large value in future premiums, would have 
none; so that the one who had paid the most would get the least. 
Again, a person stopping payment and taking a paid-up policy 
just before the failure, would have a good value ; whereas, if he 
paid another premium, so as to carry his policy beyond the failure, 
its value would be nothing. 

This conclusion of the matter is justified by Justice Lamed, 
in an opinion printed in the Journal of the Institute of Actuaries 
for January 1880, page 132. The reason is, that the method looks 
not at the value accumulated by past payments upon the policy, 
but at the future value of the contract to the policyholders. It 
must be evident, however, that if we are to take the gross 
premiums named in the policy, we should also take a gross or 
loaded premium for the value of the insurance, or the single 
premium from which the value of the future premiums is deducted. 

Another gross method suggested by the legal mind is more 
reasonable. We refer to the inile laid down by Justice Bradley, 
of the United States Supreme Court, in the case of Statham v. 
New York Life Insurance Company, reported 5 Big. Life and 
Ace. R. 607. He takes the premium stated in the policy, and 
deducts it from the gross premium chargeable at the advanced 
age, by the same table of rates as used in fixing the premium in 
the policy. This difi^erence is the excess which the policyholder 
will have to pay in the future, in order to get the same kind of 
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policy in another company. The value of this diflFerence considered 
as an annuity, is therefore the loss to him from the breach of his 
policy. This makes a homogeneous computation, both quantities 
taken being gross premiums, while it satisfies the legal mind with 
facts in place of assumptions. It produces, however, larger values 
than the net method. We believe it has been adopted by the 
courts of Virginia. 

In the State of New York, however, the net method seems to 
be fixed upon and settled by the Court of Appeals in the matter 
of the Security Life Insurance and Annuity Company, reported 
78 New York, 114. It is the most practical and equitable 
mode of valuation that can be adopted. As the companies are 
compelled to keep reserves on that basis, it results that the net 
reser\'e on each policy represents the measure of the interest of 
that policy in the common funds. The company is judged by 
that standard, and if it fall short thereof, it is wound up. The 
same valuation by which its insolvency is decreed, should govern 
the distribution of the fund. Otherwise a company found insolvent 
by the net method of valuation, might, by distributing its funds 
by the gross method suggested by Judge Lamed, exhibit a large 
surplus after paying those policyholders whose claims had value. 
Questions would then arise: Why was the company dissolved? 
To whom does the surplus belong ? It might be a good scheme 
for stockholders, who could thus derive a handsome benefit from 
their own mismanagement, while the policyholders who had 
created the fund footed the bills. 



[The interesting question discussed in the above article has on 
various occasions been considered in this Journal : see Mr. Sprague's 
paper On the Liquidation and Reconstruction of an Insolvent Life 
Insurance Company, xvi, 229 ; Mr. Bunyon On the Valuation of 
Claims upon Current Policies in the Liquidation of a Life Office, 
with reference to the Decisions in Bell's and Lancaster's cases, 
xvii, 1 j On Valuation of Policies for proof in Liquidation, xviii, 
32 ; On the Liquidation of an Insolvent Life Office, xx, 281 ; and 
Mr. Pitcairn^s letter on the same subject, xv, 385. We are 
inclined to agree with the writer in the Spectator that the same 
valuation by which the insolvency of an office is decreed, should 
govern the distribution of the fund ; but we are of opinion that 
the proper conclusion to be drawn from this position, is that a 
net-premium valuation is not the proper means to determine 
whether a life office is solvent or not. — J&d, J.LA."] 
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On the Rales of Mortality in Victoria, and on the Construction 
of Mortality Tables from Censtis Returns by the Graphical 
Method of Graduation, By Arthur Fras. Burridob^ of 
the Equity and Law Life Assurance Society, and Fellow of the 
Institute of Actuaries. 

[Bead before the Institute, 27 March 1882.] 

JL HE records of the Colony of Victoria afford a field for scientific 
enquiry in many directions^ and questions of interest to the 
physician, the economist^ or the actuary^ are to he found therein. 
Its separate existence is but of thirty years^ duration, as it was on 
1 July 1851 that the Queen's proclamation was issued erecting it 
into a separate colony, to be called after her Majesty's name. 

Many social and economic questions concerning the colony 
have already been considered ; and no longer ago than 1879, the 
present Government Statist, Mr. Heniy Heylyn Hayter, read an 
exhaustive paper before the Statistical Society. The object of the 
present enquiry, however, has^ so far as I am aware, not received 
previous attention ; and as it is one of strictly professional and 
scientific interest, it is hoped that it may be appropriately considered 
by the members of this Institute. 
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That object is to deduce from the registered vital statistics of 
the colony a mortality table exhibiting the actual rate of moi-tality 
which has been experienced ; and to compare that table with other 
standard tables^ in order to note the eflFect of the diflFerent condi- 
tions of life prevalent in Victoria. For it is to be expected that a 
colony, whose geographical extent is only slightly inferior to that of 
Great Britain^ whose difference of temperature between summer and 
winter varies less than that of Lisbon or the favoured Riviera, and 
whose population is far greater than any other Australasian colony, 
would possess special characteristics calculated to mark their effect 
on the rate of mortality of the people. 

The Government returns are well known for their extent and 
completeness; and a study of these models, for such they are, 
will show the value of the method of registration introduced by 
the late Registrar-General, Mr. W. H. Archer, and continued by 
the present Government Statist. In addition to the ordinary 
official returns, an annual digest of the statistics of the colony has 
been published by the Government Statist since 1873, entitled 
Victorian Year Book, containing a large quantity of interesting 
matter. We have, therefore, ample materials for the work in hand^ 
and the best testimony to their value seems to be, that by their 
assistance the subject can be readily pursued by an independent 
enquirer. 

The last Census in the colony was taken on 3 April 1881 ; but 
when these calculations were commenced, the approximate returns 
given in Table A only had been issued. Without a detailed 

Table A. — Statement of the I^opiilation at the Period of each 
Enumef*ation from 1836 to 1881. {From the ** Approximate 
Returns'' of Census 1881.) 







rOPl'LATION. 




Fiu'reatu* 


1 


Dat^ of 






IHT-C'PIlt oil 


Eiiuiiieratlon. 






jirevioiiH , 




MttlcH. Feiiialos. 


Total. 

177 


C<-I1811H. 




25 May 1836 


142 


1 

35 




8 Nov. 1836 


186 


38 


22 ( 


26-6 




12 Sept. 1838 


3,080 


431 


3,511 


1467-5 




2 March 181.1 


8,274 


3,464 


11,738 


234-3 




2 March 1816 


20,184 


12,695 


32,879 


1801 




26 April 1854 


155,8H7 


80,911 


236,798 


206-2 




29 March 1857 


261^331, 


146,432 


410,766 


73-5 




7 April 1861 


328,651 


211,671 


540,322 


31-5 




2 April 1871 


101,050 


330.478 


731,528 


35-4 




3 April 1881 


450,286 


408,296 


858,582 








[452,083 


410,263 


862,346: 


17-9 




The figures in brackets were 8abse({iiciitly p^iven 


as the result 


of the tabular 




enumerati 


ion, andj it is e 


itated, may be 


accepted as fi 


nal. 
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enumeration of the population at each age^ it was felt that these 
figures were not applicable ; for in such a rapidly increasing popu- 
lation^ any assumption as to age based on the returns of a former 
Census^ would certainly be erroneous. 

In these circumstances^ recourse was had to the pi*evious 
Census of 2 April 1871 ; and from this and the deaths of the same 
year, the Mortality Table now presented was deduced. As the 
required population was that living in the middle of the year, the 
enumerated males and females were respectively increased by 
10048 and 1*0108.* The population thus increased, and the 
deaths, are given for quinquennial groups of ages in the following 
table. 

[Table B, see tiext jjaye.] 

It may be objected that the results of a single year are an 
insufficient basis on which to found a representative mortality 
table, and that, unless that year happens to be an average one, the 
results are misleading. It is replied, that, although the results 
thus obtained do not measure with perfect accuracy the average 
mortality, yet such results undoubtedly show the rate for the 
year in question, and, to a great extent, reveal the general rate 
of mortality; 

The year 1871 is a convenient one, because when the full 
returns of the recent Census are available, an interesting com- 
parison can be made of the rate of mortality in the two census 
years, and of the rate that prevailed throughout the intervening 
period. 

Before passing on to explain the method employed to deduce 
the rate of mortality for each age, it will be useful to consider the 
special features to be found in the returns of deaths for several 
years, both in Victoria and other parts of Australasia. 



• These corrcetioiis were found by coiiqMiring the ccnsusca of 1861 and 1871, 
which show^ the following annual rates of increase (the interval between the 
censuses being 9*986 years) :— Males, 102014 ; Females, 1*04562. The interval 
between 2 April and 1 July is about *24 of a year; and the corrections become 

Males, (1*02014) "^ « I'Oai^ ; 
Females, (1*04662) "s^- 1*01076. 
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The following table^ C, shows the death-rate for the ten years, 
1871 to 1880. I have estimated the population for this table 
upon the approximate returns of the Census of 1881, and it will 
be found that the rate for Victoria thus derived does not coincide 
with the rate given in Table D (col. 2). The latter table has been 
extracted from the Victorian Year Book, 1879-80 ; and since the 
estimated population there employed was in excess of the actual 
population, as taken at the last census, the death-rate deduced 
therefrom was too light. 

TA.BLE C— Annual Denth-Eate of Victoria, 1871 to 1880. {Mean 
Population estimated from Approximate Returns of Census 
1881.) 



1 


EsTiMATKD Mean 

POPI'LATION. 


NuMBKK OF Deaths. 


Deaths per 1,000 of the 
Mean Population. 


Year. 
1871 






• 
Males. 


FeiiialcH. 
4,072 


MaleH. 




Total. 


MaleM. 
102,975 


FeiiiiileH. 
334,ai7 


Females. 


5,845 , 


14-5 


12-3 


13-5 


1872 


407,668 


341,186 


6,308 1 


4,523 


15-5 


13-3 


14-5 


1873 


412,il6 


348,477 


6,565 


4,936 


159 


14-2 


151 


1874 


417,220 


355,924 


6,994 1 


5,228 


16-8 


14-7 


15-8 


1875 


422,080 


363,530 


8,563 1 


6,724 


20-3 


18-5 


19-5 


1876 


426,995 


371,300 


7,716 1 


5,845 


181 


161 


17-0 


1877 


131,968 


379,234 


7,345 


5,431 


170 


14-3 


15-8 


1878 


437,000 


387,339 


7,179 


5,523 


16-4 


14-3 


15-4 


1879 


442,090 


395,616 


7,033 


5,087 


15-9 


12-9 


14-5 


1880 


4^16,445 


^103,898 


6,610 


5,042 


14-8 


12*5 


13-7 


Means 


• ■ • 




• ■ ■ 


• k • 


16-5 


14-3 


15-5 

1 



The results will be seen to be very remarkable. Beginning 
with a low rate in 1871, the death-rate rapidly increases each year 
to a maximum in 1875, after which it diminishes with equal 
rapidity, until finally, in 1880, it reduces again to the rate for the 
year 1871. It is further found that these extraordinary fluctua- 
tions in the death-rate were not confined to Victoria, but prevailed 
with curious coincidence throughout Australasia, as shown in 
Table D (p. 314). 

So far as I have been able to find, the only explanation which 
has been offered of these fluctuations is that, ''in 1875, and to a 
certain extent in the preceding and succeeding year, the death-rate 
was swelled by epidemics of measles and scarlatina'^; but it must 
be felt that these causes are totally inadequate to produce such 
astonishing results, and attention is now drawn to them in the 
hope that some light may be thrown on the subject. 
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Table D. — Annual Death-Bate of Australasia for the Years 1871 
to 1879. (Extracted from Victorian Tear Book, 1879-80.) 



Year. VieU»ria. 
(1) i (2) 



New South 
Wales. 

(.'0 



13-43 
14-23 
14-7 1 
15-30 
18-76 
16-33 
15-03 
14-62 
1S&% 



1512 



12-54 
1411 
13-84 
15-12 
18-09 
18-11 
15-28 
15-88 




Queens- 


Sriuth 


land. 


Australia. 


(4) 


(5) 


14-83 


12-87 


14-97 


15-33 


16-06 


13-48 


17-98 


17-05 


23-80 


19-45 


18-82 


16-28 


17-29 


13-99 


20-41 

• ■ a 


15-44 

• ■ • 


18-02 


15-49 



Western 
Australia. 

(6) 



14-02 
16-24 
18-74 
17-88 
1418 
15-70 
11-07 



Tasmania. 
(7) 

13-38 

13-79 

14-52 

16-21 

20- 

16-54 

1917 

15-66 



New 
Zealand. 

(8) 



10-13 
11-68 
12-67 
1305 
15-92 
12-66 
11-47 
11-01 



15-83 



16-16 



12-32 



Another point for consideration is the proportion of deaths 
from various causes, as this cannot fail to have an important bearing 
on the rate of mortality. In order to give a general idea of the 
relation which the principal causes of death bear to each other in 
Australasia, the following table has been compiled from the returns 
of diflFerent colonies. 

Table E. — Cattses of De/ith. — Table showing the Proportion 
of Deaths from each Class of Disease to the whole number 
registered. 



England 

and Victoria. 

Wales. Viftorin. Average 

Average l}s7:J. of 

of ' li3 yeai"8. 
1 10 vears. 



I 



Zymotic Class ... 2274 

Constitational Class 18-75 

Local Class ... 3888 

Developmental Class 16*12 

Violent Deaths ... 351 
Not specifiecl 



100-00 



25-45 
13-95 
38-64 
1407 
7-89 



30-47 
13-06 
3201 
15-20 
9-26 



I 



100-00 100-00 



New 

Wales. 
187a. 



21-03 
13-61 
38-44 
17-34 
8-8 
0-78 



! Tasmania. 



South 

Anstialia. ' 

1875. 



21- 
20- 
37- 
18- 
4- 



I 



New 



100-00 100- 



1873. 

'• An ' Zealand. 
Average I 1875. 
Year." 



15-95 
16-35 
38-63 

21-87 
72 



100-00 



30-04 

122 

351 

13-45 
7-83 
1-38 



100-00 



Explanation of Classification. 

Zymotic Class. — Diseases that are epidemic, endemic or contagious; snch as 
small-pox, measles, diphtheria, typhoid fever, cholera, &c. 

Constitutional Class. — Gout, cancer, scrofula, phthisis, hydrocephalus. 

Local Class. — Ajwplexy, paralysis, diseases of the nervous system, diseases of 
the circulatory system, bronchitis, pneumonia, asthma. 

Developmental Class. — Infantile diseases, teething, premature birth, Slc; 
diseases of adults, atrophy and debility, old age, &c. 

Violent Deaths. — These include accidents of all kinds; the principal being 
fractures, contusions, &c., burns and scalds, drowning and suifocation ; and, 
lastly, judicial hanging. 
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The returns of the causes of death are given in great detail in 
the Year Book, and the following summary extracted therefrom 
gives a comparison of the average annual rate in Victoria and 
England and Wales for each class of deaths. 

Table F. — Average number of Annual Deaths pei* 100,000 

of Mean Population. 





Victoria 

(Average of 25 J 

years, 1853 to 1878). 


England and 

Walkh 

( Avepagf of *i5 

yearn, 1850 to 1874). 


Zymotic diseases 
Constitational diseases 
Local diseases .... 
Developmental diseases . 
Violent deaths .... 

1 


513-84 
218-25 
552-65 
235-27 
137-65 


503-87 
420-54 
ai9-97 
355-15 
7618 


1 


1667-66 


2205-66 



Although it is beyond the province of this paper to discuss the 
various classes of disease^ yet the mortality from phthisis^ classed 
among the constitutional diseases^ cannot be altogether passed 



over. 



The general opinion on the climate of Australasia respecting 
consumption is veiy favourable, and it may cause some surprise 
to find how many deaths are registered under that disease. It 
might be thought that a considerable number of these deaths 
would arise from the immigration of phthisical invalids, who 
sought prolongation of life in a climate possessing many favourable 
conditions to the consumptive patient; but it is shown in the 
following table that, for the years under observation, the propor- 
tion of such cases was exceedingly small. 

Taking the mean for the ten years, 1864 to 1873, we find 
{Year Book, 1873) that the deaths from phthisis bore the relation 
of 11-96 to 10,000 of the population, and for the 19 years, .1861 to 
1879 {Year Book, 1879-80), the figures are, for Melbourne and 
suburbs, 21*97, and for extra-metropolitan districts, 8*57, or a 
general rate of 15*27. 

The death-rate from phthisis in Melbourne is found to closely 
approximate to that of the United Kingdom, which in 1875 was 
22-24; in 1876, 2145; and in 1877, 2101 per 10,000 persons 
living; but the rate for the whole of Victoria is considerably lower. 

The following table shows the deaths from phthisis in Victoria 
during the four years, 1876 to 1879, and the period of residence 
in Australasia {Year Book, 1879-80). 
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Period of Residence in 
Aiifltnilasia. 


Total deaths 

of Phthisis in 

Victoria in 

4 years. 

19 

86 

55 

137 

2,595 

1,106 


Proportion 
per-cent. 


Under 1 month . 
1 month to 1 year 

1 year to 2 years 

2 years to 5 years 

5 years and upwards . 
Bom there 


•47 

215 

1-38 

3-43 

64-91 

27-66 


3,998 


100-00 



Immigration and Emigration. 

An abstract is given in Table G of the returns for the yeai*s 1870 
to 1879, showing the net gain to the colony under this head. In 
these returns, persons above 12 years of age are classified as adults, 
those between 1 year and 12 years as children, and those under 
1 year as infants. It will be seen that the number of emigrant 
infants was each year in excess of the immigrants, amounting in 
the 10 years to 2,128 ; and this fact points to the tendency of 
families to quit the colony. In other words, Victoria exports 
infants. 

The returns were not available for use in the calculations, 
inasmuch as they only record the migration by sea. Some propor- 
tion of the immigrants arriving at a Victorian port would proceed 
up country, and, passing away overland, would be lost to the 
colony. 

Table Q.- -Abstract op Migration Returns. — Table showing 
the EXCESS of Immigration over Emigration in Victoria for the 
years 1870 to 1879. 



Year. 


Males. 


Females. 


Adults. 


Children. 


Inf&nts. 


0) 


(2) 


(a) 
4^493 


(4) 


(6) 


(6) 


1870 


6,974 


10,087 


1.391 


- 11 


1871 


5,100 


3,282 


7,453 


1,054 


-125 


1872 


871 


1,381 


1,624 


382 


-254 


1873 


2,470 


696 


3,(526 


-ISO 


-280 


1874 


2,452 


915 


3,8 n 


-169 


-305 


1875 


2,869 


533 


4,018 


-322 


-324 


1876 


3,272 


548 


4,699 


-563 


-316 


1877 


6,851 


1,902 


7,327 


19 


- 93 


1878 


4,002 


774 


4,965 


55 


-244 


1879 


4,549 


623 


5,258 


40 


-126 


37,410 


15,147 


52,928 


+ 1,707 


-2,128 



[The minas sign denotes excess of Emi^iTiints over Immig^nts.] 
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On the Construction of the Mortality Tables. 

The method adopted to deduce the results in the mortality 
table from the recorded data was that employed by Milne in the 
construction of the Carlisle Table, and I have described it as 
minutely as possible, in order that anyone may test the correctness 
of the results. 



Children under Five Years of Age. 

In order to find the mortality of children from ages to 5 in 
1871, the births for the six years, 1866 to 1871, and the deaths for 
1871, were required. They are given in the following table : — 

Table H. — Showing the Births for the six years, 1866 to 1871 ; 
and the Deaths for IH71, from ayes to 4. 



Year. 


Births. 


4 £^dt 


Deaths 


IN 1871. 






*\ge. 




I 




Males. 


FeinaU'A. 




Halea. 


Females. 


1866 


12,670 


12,340 


r Under 1 month 

TT J 1 1 1 to 3 months 
Under 1 year j 3 ^^ g ^ 

C6„12 „ 


619 


450 


1867 


13,093 


12,515 


258 


240 


1868 


13,a41 


13,402 


324 


; 281 


1869 


13,225 


12,815 


509 


433 


1870 


13,997 


13,154 


1 to 2 years .... 


463 


413 


1871 


14,000 


13,382 


^ t» *i »* • • 


135 


136 








" » 4 „ . 


79 


94 


1 






^ >» M • • • • 


77 


. 68 



The facts concerning the ages of infants dying under one year 
of age are recorded with greater minuteness in Victoria than in 
any other part of the world. The first year of age is divided into 
four periods, namely, under 1 month ; 1 to 3 months ; 3 to 6 
months ; 6 to 12 months. 

This careful registration of the deaths of infants gives the 
opportunity to make an investigation into the mortality at several 
stages of the first year of life ; and when the importance of this 
period is remembered, and how large a number of infants die 
within it, any enquiry which will add to our knowledge of the 
subject, cannot fail to be of considerable interest. From the 
figui'es in Table H, 1 have calculated the rate of mortality for 
each of the four periods of the first year ; the results are given in 
Table I (p. 319). 

With the object of throwing more light on this point, it was 
desired to find some table showing the probability of surviving 
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different periods of the first year of life, in order to make a com- 
parison with the results deduced from the Victorian returns. 
The only tables which occurred to me as applicable to the purpose 
were those compiled in 1874 by Mr. Charles Ansell, Jun., 
Actuary to the National Life Assurance Society, from statistics 
collected for the purpose by that office from families in the upper 
and professional classes. By the kindness of the National Office, 
I am enabled to make use of a table entitled ^^ Intensity of 
Mortality under one year of age — Upper Class Experience 
Adjusted'^, which shows, out of 100,000 births, the numbers 
which survive each day from birth to the twenty-first day, and 
each week from the third week after birth to the end of the first 
year. I have rearranged the facts in this table to correspond with 
the Victoria returns, and the two are compared in Table I 
(p. 319).* 

It need hardly be remarked that the '^ Upper Class '' experi- 
ence was derived from most favourable sources, and must be held 
to represent selected babyhood, and that the comparison with the 
retunis of the general population of Victoria shows a very moderate 
rate of infantile mortality in the colony. The product of the 
probabilities of surviving each of the periods in the first year 
should amount to the total probability of surviving that year 
{po), and they will be found to do so. 

We have now to deal with the mortality from ages 1 to 4. 

On the assumption that the births are equally distributed 
throughout the year, the births of the two years 1870 and 1871 
take place on 1 January 1871, and to find q^ we have the 
equation 

Deaths 1871 (under 1 year) _ 
f (Births in 1870 and 1871) "" ^'* 

By similar equations, the remaining four values of q are found, 
and these values appear without adjustment in the mortality 
table. 

Table J (p. 319) is a comparison of the mortality under 5 years 
of age by various tables ; the rate for Victoria is again seen to be 
unusually favourable, the only tables which surpass it being the 
Healthy English and the Peerage. 



* Since this was written, Mr. Geo. King, of the Alliance Life Office, has kindly 
drawn my attention to an investigation by Dr. Farr, in the 3rd English Life 
Table, into the mortality for each month of the first year of age. I have arranged 
the rcHnlts to compare with the Victoria returns, and added them to Table I. 
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Mortality over Five Years of Age. 

It has been already stated that the method employed to 
deduce the rate of mortality at each age from the recorded data, 
was the graphical method applied by Milne to the Carlisle Table. 
A description of the process and a diagram illustrating it is given 
in his treatise, p. 101. 

Taking the population in quinquennial groups of ages, or for 
any other interval that may be preferred, we draw, on a sheet of 
cross-ruled paper, parallelograms^ of which the area represents the 
population in each quinquennial group, and the base the years of 
life, the parallelograms being ranged side by side and the bases 
in one straight line. Next, let a line (as little curved as the 
other conditions will admit of) be described through these 
parallelograms, so that the point describing it may continually 
approach from the youngest age to the oldest, '' and let the line 
'^ thus described so cut each parallelogram that the area com- 
" prehended by the base, the two sides of the parallelogram 
" perpendicular thereto, and the portion of that line which is 
" intercepted between those sides may be equal to the area of the 
'^ same parallelogram.^^ 

Thus, for each corner of a parallelogram cut off by the curve, 
a corner of exactly similar area is added. 

" So shall the number of the living in any assigned year of 
" age, be to the given number in the interval including that year, 
" in the ratio of the area insisting upon the portion of the base 
" corresponding with the year assigned, to the area of the 
" parallelogram in which it is found.'' 

Similar parallelograms are set out for the deaths in the same 
groups of ag^s, and a curve drawn through them on the same 
conditions. 

We now possess two curves, representing respectively the popu- 
lation and the deaths at each age ; and dividing the deaths by the 
population we obtain the ratio m^. for all values of a:*; and from 

• The values of m^ were found by direct dhnsion by means of Fuller's 
Spiral 81id(> Rule, and this instrument was employed to perform all the 
multiplications and divisions necessary in the preparation of this paper. This 
useful form of the Slide Rule effects a considerable sanufif of labour. The Rule 
consists of a cylinder upon which is wound, in a spiml, a single logarithmic scale 
of 600 inches — or il feet 8 inches — long. 

The setting and reading is worked by means of two indices, and the results 
can be read correctly to 4 and often to 5 places. 

The Rule is manufactured by W. F. Stanley, Great Turnstile, London, and a 
full description of it is given in a pamphlet published by him. The ])rice of thv 
rule is £3, 
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this we derive p^:, by the formula px=^ fXi^' ^° examiniDg 

this column of p^. it was found that^ although the general results 
were satisfactory, and the special features of the mortality under 
consideration were appai*ent, yet at many points it required 
adjustment. This was applied by a second graphical graduation. 
The values of jOj. were set out on a sheet of cross-ruled paper, and 
a curve was then drawn through the points, so as to adhei-e as 
closely as possible to the original facts while removing obvious 
irregularities. In drawing this cun^, the object is to pass among 
as many of the points as possible, and, by the judgment of the 
eye, to give due weight wherever the original observations are 
most strongly marked. This must not be mistaken to admit a 
freedom which would lead no two persons to draw the same curve 
from identical data, no more than liberty must be mistaken for 
licence. So' long as the test is applied of making the expected 
deaths to coincide with the actual deaths, it is apprehended that 
no considerable difference will be found in curves deduced from 
the same data at various times or by different computera. 

The results of the graduation are given in Table M (pp. 324-5). 
These show out of 10,000 births in Victoria the numbers which 
sui-vive, the decrements, and the probability of living a year, at each 
age, for males and females. In the returas of deaths above 80, 
the ages are not given. I have continued the table for males to the 
end of life, by applying the English Table, No. 1 — Males, taken 
one year older ; and for females from age 70, by the same Table — 
Females, taken one year younger. 

In order to test the general effect of the graduation, the popula- 
tion at each age was multiplied by q^-^^ (the population being that 
alive in the middle of the year): the result gave the expected 
deaths at each age ; and these, arranged in quinquennial groups, 
will be found compared with the actual deaths in Table K 
(p. 322). 

The results of the investigation show a remarkably favourable 
rate of mortality throughout life. When compared with the 
English table, it will be seen that the Victoria rate for males, is 
lower throughout life, except for the ages 50 to 54, where it is a 
trifle higher, and at age 55, where it is identical with Dr. Farr^s 
value. It must be admitted, however, that the year under investi- 
gation, 1871, was a favourable one for the colony, the mortality in 
this and 1880 being lighter than in any one of the intermediate 
years; nevertheless, when due allowance has been made on this 
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Table K. — Comparison' of Expected and Actual Deaths by Victoria 
Table, Males and Females, and English Table No. 1, Males. 







Vifnx)RiA. 1871. 


















Kkolwh Table No. 1, 
Males. 


Ages. 


Males. 
Exiiectetl. ActUiU. 


1 

Fea 

1 

Expected. 


laleH. 

Aitual. 
1 
1 

192 




£xi>ected. 


r 
1 

ActOAl. 

1 


5-10 


206 


213 


186 


9,145 


9,093 


10-16 


122 


122 


91 


93 


4.094 


4,478 


15-20 


lOl 


102 


93 


102 


6,043 


5,604 


20-25 


144 


143 


128 


122 


6,414 


6,633 


25-30 


203 


205 


165 


168 


5,828 


6.045 


30-35 


260 


255 


187 


184 


5,748 


5,422 


35-40 


385 


369 


225 


227 


5,530 


5,385 


40-45 


428 


413 


192 


178 


6,127 


5,251 


45-50 


338 


332 


138 


140 


4,962 


5,322 


50-55 


313 


318 


124 


125 


5,705 


5,673 


55-60 


206 


235 


87 


83 


4,778 


5.418 


60-65 


196 


196 


99 


99 


7,816 


7,090 


65-70 


145 


156 


89 


91 


6,653 


6,881 


70-75 


158 


150 


• • ■ 


• • ■ 


8,604 


7,630 


75-80 


83 


81 


• • • 


■ • • 


6,469 


6,992 




3,291 


3,290 


1,804 


1,804 


92,916 


92,917 



account^ the rate still remains considerably below the normal 
European one. 

On comparing the Victoria tables with those for New South 
Wales, calculated by the late Professor Pell, and published in his 
paper {Journal, vol. xxi, p. 257), it is found that the Victoria rates 
both for males and females, excepting at ages to 2, are lighter 
throughout the whole of life than those in the more northern 
colony ; and that, with regard to the higher ages, the somewhat 
increased rate noticed in New South Wales, does not seem to have 
been experienced in Victoria. 

The same peculiarity is observed in the relative rates for the 
two sexes in both colonies, that the rates for females are 
lower than those for males throughout the whole period of life. 
This would at present appear to be one of the characteristics of 
colonial mortality ; and it must remain for the future to decide 
whether, as the relative numbers of the sexes approximate to the 
ratio in England, the relative rate will not similarly change and 
produce a higher rate for females during the child-bearing ages. 
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The Graphical Method applied to the English Table No. I. 

With the object of showing the effect of a graphical graduation^ 
I have prepared a mortality table from the returns employed by 
Dr. Farr in forming the Ist English Table, Males. These 
records, printed in the 5th Annual Report of the Registrar-General, 
p. 15, in a table headed '^Population, Deaths, and Mortality of 
England, 1841 ^^ give the population in quinquennial groups, 
'' calculated for 1 July 1841 '', and the deaths in 1841 ; and are 
therefore in a suitable form for graduation. 

An account of the constioiction of the table is given by Dr. 
Farr in the Appendix to the 5th Report. The method of effecting 
the transition from the original " observations ^' of the mortality 
per-cent to the " obsei-vations corrected '^ is not, however, explained, 
and this is an obstacle in reconstructing the table. The original 
'^ observations '' were derived directly from the facts returned at 
the census of 1841, coiTCcted only for the increase of population 
and unenumerated ages. 

Table L. — Original ^^ Observations^'' from which was deduced the 

English Table No, ] , Males. 



Age. 



15-20 
20-25 
25-30 
30-35 
35-40 
40-45 
45-50 
50-56 



Mortality 
l»er-eent. 



Age. 



MortRUty 
iwr-cent. 



•718 


1 56-60 


•918 


1 60-65 


•991 


65-70 


•961 


: 70-75 


1-239 


1 75-80 


1-207 


80-85 


1-700 


85-90 


1-849 


90-95 



2-860 

3-395 

5-706 

7-341 

12588 

17-242 

28-047 

36091 



The results of the two methods are compared in Table M (pp. 
324-5), and, in order to facilitate the comparison, I have re-calculated 
Dr. Farr's l^ column with a radix of 10,000, instead of his radices: 
males, 51,274; females, 48,726; both sexes, 100,000. At the 
earlier ages and up to 80, the two tables run closely together. ' A 
peculiarity is to be observed, however, in the px column of the 
graphical results at ages 18 to 23, which may fairly be claimed as 
illustrating the power of that method in preserving the features of 
the original results. A sudden increase in the rate of mortality at 
these ages, which does not occur in Dr. Farr^s table, is manifested 
in mine. At any other portion of the table this might have been 
considered accidental ; but at this important period of early man- 
hood, the point deserves attention. 
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Table M. 



Victoria, 1871. 



90 

to 



Males. 




1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 



Ix 


rfx 


10,000 


1,221 


8,779 


342 


8,437 


98 


8,339 


60 


8,279 


48 


8,231 


35 


8,196 


36 


8,160 


32 


8,128 


30 


8,098 


26 


8,072 


24 


8,048 


24 


8,024 


22 


8,002 


22 


7,980 


20 


7,960 


22 


7,938 


26 


7,912 


33 


7,879 


36 


7,843 


38 


7,805 


39 


7,766 


41 


7,725 


46 


7,679 


49 


7,630 


52 


7,578 


50 


7,528 


50 


7,478 


53 


7,425 


53 


7,372 


54 


7,318 


54 


7,264 


55 


7,209 


54 


7,155 


56 


7,099 


57 


7,042 


60 


6,982 


62 


6,920 


67 


6,853 


72 


6,781 


74 


6,70? 


76 


6,631 


77, 


6,554 


80 


6,474 


79 


6,395 


82 


6,313 


83 


6,230 


86 


6,144 


97 


6,047 


99 


5,948 


100 


5,848 


100 


5,748 


102 



Px 

•8779 
•9613 
•9882 
•9930 
•9943 
•9956 
•9957 
•9960 
•9963 
•9967 
■9969 
•9970 
•9972 
•9973 
•9974 
•9973 
•9967 
•9959 
■9955 
•9953 
•9950 
•9946 
•9940 
•9938 
•9936 
•9935 
•9934 
•9930 
•9929 
•9928 
•9926 
•9925 
9924 
•9923 
•9921 
•9915 
•9910 
•9905 
•9895 
•9890 
•9887 
•9883 
•9879 
•9876 
•9873 
•9870 
•9860 
•9845 
•9835 
•9831 
•9829 
•9825 



Females. 



10,000 
8,942 
8,624 
8,521 
8,448 
8,392 
8,360 
8,330 
8,299 
8.271 
8,247 
8,224 
8,206 
8,189 
8,175 
8,160 
8.141 
8,119 
8,093 
8,065 
8,034 
7,998 
7,962 
7,921 
7,883 
7,841 
7,798 
7,743 
7,693 
7,640 
7,586 
7,532 
7,476 
7,420 
7,364 
7,305 
7,243 
7,178 
7,111 
7,042 
6,971 
6,901 
6,829 
6,757 
6,085 
6,612 
6,537 
6,463 
6,386 
6,306 
6,227 
6,146 



Px 



1,058 
318 
103 
73 
56 I 
32 1 
30 
31, 
28 
24 
23 
18 
17 
14 
15 
19 
22 
26 
28 
31 
36 
36 
41 
38 
42 

43 

^ " 

60 
53 
54 
54 
56 
56 
56 
69 
62 
65 
67 
69 
71 
70 
72 
72 
72 
73 
75 
74 
77 
80 
79 
81 
83 



•8942 
■9644 
■9880 
•9915 
•9935 
•9960 
•9962 
•9964 
•9966 
•9969 
•9972 
•9976 
•9980 
•9984 
•9982 
•9976 
•9972 
■9968 
•9969 
•9960 
•9957 
•9954 
•9952 
•9950 
•9948 
•9945 
•9941 
•9936 
•9933 
•9931 
•9929 
•9926 
•9925 
•9924 
•9919 
•9914 
•9911 
•9907 
•9905 
•9901 
•9899 
•9897 
•9895 
•9893 
•9890 
•9887 
•9884 
•9880 
•9877 
•9875 
•9870 
•9865 



Enulihh Table No. 1, Males. 



Bunid^e. 



10,000 
8,407 
7.875 
7,608 
7,423 
7,291 
7,211 
7.136 
7.062 
6,993 
6,934 
6,885 
6,848 
6.822 
6,798 
6,761 
6,735 
6,694 
6,646 
6,589 
6,524 
6.462 
6,400 
6,345 
6,291 
6,237 
6,183 
6,128 
6,070 
6,013 
5,955 
5,896 
5,837 
6,779 
5,720 
5,661 
5,602 
5,542 
5,478 
6,414 
5,352 
5,286 
5,219 
5,151 
5,082 
5,010 
4,937 
4,862 
4,786 
4,710 
4,633 
4,553 



1,593 
532 
267 
185 
132 
80 
75 
74 
69 
59 
49 
37 
26 
24 
37 
26 
41 
48 
57 
65 
62 
62 
65 
54 
54 
54 
55 
68 
67 
68 
59 
59 
68 
59 
59 
59 
60 
64 
64 
62 
66 
67 
68 
69 
72 
73 
75 
76 
76 
77 
80 
80 



Px 

•8407 
•9369 
•9661 
•9757 
•9822 
•9890 
•9895 
•9897 
•9905 
•9915 
•9930 
•9947 
•9960 
•9965 
•9957 
•994« 
•9940 
•9929 
•9912 
•9902 
•9905 
•9908 
•9912 
•9914 
•9915 
•9913 
•9910 
•9907 
•9906 
•9904 
•9903 
•9901 
•9900 
•9898 
•9896 
•9895 
•9893 
•9885 
•988 1 
•9883 
•9879 
■9873 
•9868 
•9864 
•9859 
•9854 
•9848 
•9845 
•9810 
•9835 
•9828 
•9824 



Fair. 



Ix dx Pi 




10,000 
8,407 
7,875 
7,608 
7,423 
7.291 
7,186 
7,103 
7,034 
6,979 
6^936 
6,901 
6,866 
6,831 
6,789 
6,744 
6,697 
6,649 
6,601 
6,551 
6,500 i 
6, 448 I 
6,396 I 
6,343 ' 
6.290 ' 
6,234 : 
6,179 
6,122 
6,064 . 
6,006 
6,947 , 
6,886 
5,824 
5,761 
5,698 
5,633 
6,568 j 
5,501 
5,435 
5,367 
5,298 
5,228 
5,167 
5,086 
5,013 
4,940 
4,865 
4,790 
4,715 I 
4,638 
4,561 ' 
4,484 i 



1,593 
532 
267 
185 
132 
105 
83 
69 
55 
.iS\ 
35 
35 
35 
42 
46 
47 
48 
48 
60 
51 
52 
62 
53 
53 
66 
66 
57 
58 
58 
69 
61 1 
62 
63 
63 
65 
66 
67 
66 
68 
69 
70 
71 
71 j 
73 
73- 
76, 
76 j 
75 
77 
77 
77 
77 



•8407 
•9369 
•9661 
•9757 
•9822 
•9856 
•9883 
•9905 
•9923 
•9938 
•9950 
•9949 
•99^49 
•9938 
•9932 
•9930 
•9929 
•9927 
•9925 
•99-28 
•9921 
•9919 
•9917 
•9915 
•9912 
•9910 
•9908 
•9905 
■9903 
•9900 
•9898 
•9895 
•9892 
•9890 
•9887 
•9884 
■9881 
•9878 
•9875 
•9871 
•9868 
•9865 
•9861 
•9858 
•9854 
•9850 
•98-46 
•9842 
•9838 
-9834 
•9830 
•9826 



O 
1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 
12 
13 
14 
16 
16 
17 
18 
19 
20 
21 
22 
23 
^ 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
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Table M — (continued). 



Ages. 


VicrroRiA, 1871. 


Enoush Tablb No. 1, Malbs. 


• 

1 


Males. 


Females. 


Bonidge. 


FCUT. 


Iz 


dr 


Px 


Ix 


rf« 


Px 


Ix 


dz 


Px 


Ix 


dx 


Px 


52 


5,646 


102 


•9817 


6,063 


86 


•9859 


4,473 


82 


•9817 


4^407 


79 


•9821 


52 


53 


5,544 


107 


•9807 


5,977 


89 


•9852 


4,391 


82 


•9812 


4,328 


79 


•9817 


58 


54 


5,437 


111 


■9797 


5,8d8 


91 


•9844 


4,309 


84 


•9805 


4,249 


79 


•9812 


54 


55 


5,326 


113 


•9789 


5,797 


92 


•9840 


4,225 


86 


•9796 


4,170 


87 


•9789 


55 


56 


5,213 


115 


•9780 


5,705 


95 


•9835 


4,139 


96 


•9770 


4,083 


96 


•9767 


56 


57 


5,098 


120 


•9767 


5,610 


98 


•9824 


4,043 


100 


•9750 


3,987 


100 


•9749 


57 


58 


4,978 


121 


•9757 


5,512 


103 


•9812 


3,943 


106 


•9732 


3,887 


103 


•9730 


58 


59 


4,857 


125 


•9740 


5,409 


107 


•9803 


3,837 


110 


•9715 


3,784 


112 


•9709 


69 


60 


4.732 


130 


•9725 


5,302 


113 


•9789 


3,727 


116 


•9686 


3,672 


116 


•9686 


60 


61 


4,602 


133 


•9713 


5,189 


114 


•9780 


3,611 


120 


•9670 


3,556 


120 


•9661 


61 


62 


4,469 


138 


•9693 


5,075 


120 


•9765 


3,491 


124 


•9643 


3,436 


126 


•9634 


62 


63 


4,331 


143 


•9670 


4,955 


127 


•9745 


3,367 


129 


•9617 


3,310 


181 


•9605 


63 


64, 


4A88 


149 


•9645 


4,828 


152 


•9685 


3,238 


139 


•9575 


3,179 


135 


•9574 


61 


65 


4,039 


155 


•9615 


4,676 


166 


•9645 


3,099 


139 


•9550 


3,044 


140 


•9540 


65 


66 


3,884 


163 


•9583 


4,510 


184 


•9593 


2,960 


147 


•9505 


2,904 


144 


•9504 


66 


•67 


3,721 


170 


•9545 


4,326 


197 


•9545 


2,813 


150 


•9465 


2,760 


148 


•9465 


67 


68 


3,551 


177 


•9500 


4,129 


209 


•9495 


2,663 


156 


•9415 


2,612 


151 


•9423 


68 


69 


3,374 


186 


•9450 


3,920 


210 


•9463 


2,507 


159 


•9370 


2,461 


152 


•9378 


69 


70 


3,188 


194 


•9392 


3,710 


207 


•9444 


2,348 


161 


•9815 


2,309 


155 


•9330 


70 


71 


2,994 


197 


•9340 


3,503 


211 


•9396 


2,187 


161 


•9265 


2,154 


156 


•9278 


71 


72 


2,797 


205 


•9270 


3,292 


215 


•9348 


2,026 


160 


•9210 


1,998 


155 


•9222 


72 


73 


2,592 


225 


•9130 


8,077 


217 


•9294 


1,866 


160 


•9144 


1,843 


154 


•9162 


73 


74 


2,367 


237 


•9000 


2,860 


219 


•9237 


1,706 


156 


•9085 


1,689 


153 


•9098 


74 


75 


2,130 


232 


•8910 


2,641 


218 


•9175 


1,550 


151 


•9025 


1,536 


149 


•9028 


76 


76 


1,898 


224 


•8823 


2,423 


215 


•9109 


1,399 


146 


•8958 


1,387 


145 


•8954 


76 


77 


1,674 


205 


•8770 


2,208 


213 


•9038 


1,253 


140 


•8880 


1,242 


139 


•8875 


77 


78 


1,469 


192 


•8690 


1,995 


207 


•8962 


1,113 


134 


•8795 


1,103 


136 


•8790 


78 


79 


1,277 


179 


•8605 


1,788 


200 


•8880 


979 


126 


•8715 


967 


124 


•8699 


79 


80 


1,098 


165 


•8600 


1,588 


192 


•8792 


853 


120 


•8595 


843 


118 


•8603 


80 


81 


933 


150 


•8390 


1,396 


182 


•8698 


733 


114 


•8450 


725 


109 


•8500 


81 


83 


783 


135 


•8273 


1,214 


170 


•8598 


619 




• • • 


616 








82 
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In a letter ^' On the Rate of Mortality at the period of Early 
Manhood '' {Journal, vol. xiv, p. 247), Mr. Bailey says, '' there is 
'' abundant evidence to prove that the rate of mortality during the 
'^ quinquennial period from 20 to 24 years of age is greater than in 
'' the next succeeding period from 25 to 29 . . . and yet, in the 

graduated tables that have been formed from these observations, 

the peculiarity has been made to disappear.^' 
On comparing the p^g columns in quinquennial groups for the 
ages in question, we find that, although taking age for age, the 
values vary considerably, yet the average probability of the two 
tables approximates closely. 



it 



€i 



Ages. 


AVERAOB FROBABILITT. 


Burridge. 


Fair. 


15-20 
20-25 
25-30 


•9926 
•9911 
•9908 


•9927 
•9917 
•9904 



In Dr. Parr's table the rate of mortality increases with 
regularity at each age from age 10. In the graphical method 
early manhood is marked by an increase in the rate, which is 
greater for the period 18-22 than for the period 28-27. 

At the ages 30 to 50, the graphical results show a somewhat 
more favourable rate than Dr. Farr^s; between 50 and 80 the 
tables cross at several points, and finally produce almost identical 
conclusions, namely, that out of 10,000 births, 616 persons attain 
age 82 by Dr. Farr^s method, and 619 persons by the graphical 
method. 

The object of this investigation has been to bring more pro- 
minently into notice an instrument by which to effect, by a simple 
and natural operation, the transition from the ordinary population 
returns to the columns of a mortality table. Until recently, this 
method has been almost entirely neglected in actuarial calculations. 
Within the past two years, its practical value has been illustrated 
by Mr. Sprague, who employed it in a case of peculiar difficulty, 
with marked success. 

It is applied with great facility; it will produce results in cases 
where, from scantiness of data, other methods would fail ; and, 
while bringing out orderly and progressive rates, it may be depended 
on for preserving in their integrity the special characteristics of the 
mortality under investigation. 

z 2 
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Discussion. 

The PsESiBENT (Mr. A. H. Bailey) thought the paper practicallj 
useful, for a knowledge of the rate of mortalitj in our colonies is 
certainly a desideratum. With regard to the Australian and other 
temperate colonies, we have hitherto been obliged to assume that the 
mortality coincides with that of this country, but Mr. Burridge has 
now thrown some additional light on the question. He has shown 
that in the colony of Victoria, at the younger ages at all events, and 
notably so at the period of infancy and early childhood, the mortality 
is more favourable than in the mother coimtry. In consequence, 
however, of the comparatively small number of old men and women 
in this colony, we have hardly sufficient material at present to 
determine the average duration of life in Victoria. 

Mr. Geosge Kino thought the paper a very important contribu- 
tion. For some time past his professional duties had made him pay 
some little attention to the Australian colonies, and one great diffi- 
culty he had felt was the absence of trustworthy statistics of the rate 
of mortality there. He should not like to say that the figures given 
in the paper are sufficient, or in any way final. For instance, he 
would not like to base, ¥dthout further enquiries, the valuations of 
life offices upon them. But, at the same time, they throw a great 
deal of light on a very important branch of statistical enquiry. Such 
investiga^ons have two uses ; one is to give us some idea of what has 
been the past history of the population, and what is its present 
condition, and the figures in the paper are very useful in that 
direction. Another application is to forecast the future, but he 
doubted very much, looking at the somewhat peculiar condition of 
the Australian colonies, whether we should be able prudently to 
prophesy what will be the future mortality from such figures as 
these. The comparatively low rate of mortality is, to a certain 
extent, although probably not entirely, due to the fact that the lives 
that go out there «re select. There has been, in the period under 
review, a very large emigration to the colony from the mother 
countiT, and, taking the average, the emigrants are of stronger health 
than those left behind. Therefore we may expect the rate of mortality 
to be somewhat lower on that account. Then for life assurance 
calculation we require to carry on our mortality curve much later 
than Mr. Burridge has been able to do. The ages above eighty very 
considerably affect our premiums and our reserves. Therefore he 
would not like to have a table of premiums or valuations based on 
such a table as this, when the higher ages have been dealt with 
arbitrarily. "We may, however, by looking at this table, be able to 
select from some other well-known tables those which may be con- 
sidered best for such purposes. Mr. Burridge has pointed out that 
even amongst the very early ages the rate of mortisdity is low, but 
this may be partly explained by another statement he makes. He 
informs us that the colony ''exports infants". Now, he has based 
the calculation for infant mortality on the births of the preceding 
years, but the population at those young ages would be reduced by 
the children who have left the colony, so that by his method of 
merely looking at the births he would get his lof somewhat too large. 
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With regard to the methods of constmction of the tables, he thought 
that Mr. Borridge deserved their thanks for again introducing Mr. 
Mihie's process. He had studied various tables constructed otherwise 
from census returns ; the only three of any importance of which the 
construction has been fully explained are the first English table, the 
Healthy English, and Professor Pell's Australian table. The con- 
clusion he had arrived at is that the mathematical methods of 
construction which have been adopted, are not satisfactory. He 
would not like to say the tables are wrong on that ground ; but we 
have no means of proving their correctiiess. We get a kind of 
average ratio, and from the average ratios at different ages we 
interpolate other ratios, and he was not at all satisfied that the 
average ratio is a safe ground to work from. The method of Mr. 
Milne seems a very admirable one. It may produce sometimes rather 
a rough result, because we graduate not one curve, but two, and get 
our ratio from dividing the number representing one of the curves by 
that representing the other; but still, with the precautions Mr. 
Burridge has adopted, and his subsequent corrections, that is no 
objection. It is a very suitable method indeed for such tables, 
although it would not apply so well to the more accurate data 
obtained from life offices. For these, he would prefer a more 
mathematical formula; but for such tables as those derived from 
censuses, the graphical method appears decidedly the best. He was 
not quite sure that the test, as applied by Mr. Burridge, of making 
the expected deaths agree with the actual deaths, is quite accurate ; 
but still it is substantially so, and although that point may deserve 
a little further investigation, he did not think it would in any way 
vitiate Mr. Burridge's figures. 

Mr. CoBNBLruB Walfobd quite endorsed the view expressed by 
Mr. Burridge, that in the Victorian Year Book, as produced by 
Mr. Heylyn Hayter, we have a very valuable source of statistics, 
which will become more and more valuable, as years roll on and the 
points of observation become extended. There are many interesting 
points arising out of the paper, but by far the most interesting is 
that which relates to the cycles of mortality. Those who have 
investigated certain branches of mortality, accidental deaths, and so 
on, have found cycles ; but it seems somewhat new to discover cycles 
with regard to the general mortality, recurring with the regularity, 
or rather progressing with the regularity, which is remarked upon in 
the paper. Another point arising out of the paper is the large 
proportion of deaths from violence. We have had occasion to notice 
that fact here on other occasions, and it is quite clear that in all 
newly.settled countries there must be a very large proportion of deaths 
from violence. Of course the greater proportion of these deaths will 
occur to males ; and when we use the expression " deaths from violence ", 
it does not mean violence in the ordinary sense, but only in the sense 
in which the deaths are classed. It means, for instance, deaths from 
boat accidents in crossing rivers because there are no bridges, and 
accidents of that sort ; and accidents from the stumbling of horses on 
newly-made roads, or in point of fact, where there are no roads at all. 
I have had occasion lately to investigate the deaths in the islands of 
Scotland, and I find that the proportion of deaths resulting there from 
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boat accidents is so prodigious that it almost passes belief. If you 
take the population of some of those islands, and see the effect in given 
jears of those islands, and see the effect in given years of boat 
accidents on the population, it is quite surprising. With regard to 
the question of the male mortality being greater at all ages than the 
female, that seems to be rational too. It seems certain that in 
newly-settled countries the males are exposed at nearly all periods of 
their lives to accidents which do not surround the females, and that 
may account for the fact mentioned in the paper. With reference to 
the zymotic class of diseases, there has been a belief that the AustraliaA 
colonies have been tolerably free from these diseases, but I think there 
is a cause which influences the zymotic diseases, and that is in the 
turning up of new soil for ctdtivation. In all new agricultural 
colonies there is a great deal of that necessarily going on. There is 
the same influence on a large scale in the western States of America, 
and I understand that in certain parts of those western states 
malarious diseases seem to arise at the moment the soil is brought 
into cultivation. With regard to the deaths from consumption, 
it certainly has been the notion that the Australian colonies pre- 
sent features favourable to the cure of that disease, and I think it 
will probably require further investigation to see whether the persons 
who have gone out there seeking to be cured from phthisis, have 
had any visible influence on the mortality. We know that at 
Bath, Cheltenham, Clifton, and some other most healthy spots 
in this country, deaths from certain kinds of disease occur in a 
very large proportion ; and we know that in those cases at least 
they are deaths from imported diseases — ^that is, persons come to be 
cured, and remain to die. How far such a thing may exist in Victoria 
is one point to be enquired into. There is one very curious fact with 
regard to race, which has been observed in the United States, and 
still more in Australia, which may throw some light on phthisis 
deaths. It has been observed in the United States of America that 
the Irish who go over with strongly marked features, particularly the 
potato-headed people from the north-west parts of Ireland — ^Don^al 
tor instance — do not perpetuate those distinctive features. The 
children of these people, bom in the United States, present features 
of an entirely classical character ; they lose altogether the appearance 
of their parents ; and I am told that in a still greater degree is that 
the case in the Australian colonies — ^there is no following of the 
parental type in any way whatever. It may be that this altered 
type is an indication of change of constitution acquired by the 
change of climate from that in which their parents and the earlier 
members of the family had been reared. 

Mr. T. Jaques Martts said that his long residence in Victoria 
hardly enables him to confirm Mr. Burridge*s statement as to the 
equableness of its climate. He proceeded : — Snow is by no means an 
uncommon visitant at Ballarat (the second city in size and importance) , 
and in other highly-elevated places ; while on the hottest summer day 
I can, by a railway ride of thirty, and horse of some four or five, 
nules, find a deliciously cool climate. I was startled by the exposition 
of consumption in Melbourne and suburbs, and I think its excess 
there (as compared with the colony as a whole) may, to a large extent 
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be accounted for, first, in the ordinary remark that in Melbourne one 
may often, with advantage, Tiuy the thickness of his clothing three 
or four times during a day. This shows the want of that equability 
which 1 have been informed by eminent medical men here is recognized 
now in consumption, as the necessity, rather than specially heat or 
cold. Mr. Burridge will, I am sure, be gratified to hear that 
already his paper has probably tended to lengthen the life of a young 
fellow, whose enquiring friends will probably now send him, not to 
Melbourne, but rather to Echuca, in Victoria, or to Queensland. 
Much unintentional cruelty is practised by sending consumptives to 
Australia, when too late or otherwise, regardless of district ; and it is 
notorious that very many, if they live to land — ^bind to live little 
longer, perhaps, than to qualify to swell the returns of the Begistrar- 
Gteneral. I should like to know the number of native-bom exposed 
to observation, with the result of consumption, according to the table 
(page 816) which our valuable statist, Mr. Hayter, has, I presume, 

Provided in view of the circumstances 1 have last referred to. I could 
ave wished to see this table of selection against the colony further 
worked out, to exhibit the different periods of residence in excess of 
five years. I do not think that consumption among the native-born 
is heavy ; and what there is, is probably traceable to family history, 
and modified by distribution over the whole colony, as our own young 
people are more likely to spread, than new arrivals who have developed 
consumption, and who are unhappily very frequently of a class for 
which large towns are expected to provide employment. 1 noted a 
suffgestion of Mr. Burridge, which may be regarded as prophetic, 
although I do not think it has yet been realized — ^namely, that 
persons may arrive at Melbourne and ^'pass at once to the other 
colonies ". I hope soon to see the day when passengers may land at 
Adelaide, and, if they so please, be conveyed by ndl, without break, 
as far as Northern Queensland. But the occupations of the people in 
the country, and the facilities of communication both by rail and 
horseback, enable a very large and necessarily unnumbered passage 
to and fro between the colonies, equally as from England to Scotland 
or Wales, or even from one county to another ; so that nothing short 
of a census can in any reliable degree determine the number of the 
population ; and even subject to the census the habits and occupations 
of a large number of our country population are such (shearers, 
sundowners, Ac.) that only mechanicid accuracy can be obtained as 
to their places of residence. The great bulk of the population of 
Australia occupy territory which, in proportion to the size of the 
island, is only a ** fringe " on the sea coast ; and although occupying 
colonies with separate names, we are in heart one -people, and the 
dearest wish of many an Australian colonist is to see federation of 
the whole (like Canada). But for life assurance purposes it is 
absolutely necessary that there shall be practically a federation of 
figures, if I may use the term ; and I cannot express a better wish to 
the interests of Australia and of science, than that Mr. Burridge 
may be induced to extend his researches to the other colonies, and 
then to blend the whole. The present paper is undoubtedly valuable ; 
but to use the mortality of Victoria as a gaug^ of Australian life 
business, would be equal to trusting to that of, say Wales alone, as 
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an exponent of the mortality of the British islands. The exodus of 
bahies referred to is, in all probability, owing in a Lurge degree to the 
existence immediately north of the Murray Kiver of a fine area of 
agricultural land, which is politically part of New South Wales, but 
geographically ought to belong to Victoria. I am not exactly aware 
of the relative merits of the Government statistics of the other 
colonies, compared with the valued records introduced by Mr. Archer, 
and so admirably continued and extended in scope by Mr. Hayter; 
but on leaving home I collected some books in relation to the colonies, 
in the hope that they might be useful to this Institute or to the 
Statistical Society. I propose to submit these to Mr. Burridge, if he 
will allow me, and he can take for the library any he deems useful. 
If I can be of any service in keeping up a regular supply of any 
works of the kind, I shall be glad to do so. I would submit that, 
valuable and interesting as is this paper, it is to the aggregate 
statistics of the colonies only, that we can trust for practical assurance 
purposes ; and to such I look forward with much interest as soon as 
data of sufficient i^e and detail are available. The reference to 
Professor Pell's papers substantiates the feeling which, I think I 
may say, has prevailed generally with us, that the further you go 
north the higher will be the rate of mortality. But I may mention 
that the directors of the society of which I have the honor to be 
manager, caused a special investigation to be made of the physical 
condition of northern New South Wales and Queensland as a whole, 
the result of which was an extension of our geographical limit fixed 
originally, I think, by the Standard (late Colonial of Edinburgh) at 
30° south latitude; and we consider that we can, with propriety, 
accept at ordinary rates far beyond the tropic of Capricorn, among 
residents on the elevated plateaux or ^^ downs*', where the climate is 
superb, while -there are parts of these northern latitudes further south 
which may be well avoided. Since I left, however, I hear that the 
whole Continent has been made free of "extra", but I feel certain 
that the ofi^ce which has led off in this thorough announcement, and 
which has the largest experience, has no doubt also investigated 
and will, Hke ourselves and others, notwithstanding any general 
announcement, make careful selection by the light of their own 
experience, and the supervision of resident managers of local 
knowledge. 

Dr. Symes Thomfsost said that, when a colony is new, you have 
a natural selection in favour of good lives, because only sturdy, 
vigorous people go out to new colonies ; but on the other hand, when 
a colony gets a reputation, as Victoria has done, of being a healthy 
resort, then you have a natural selection against it, and this natural 
selection against Victoria has told to a very considerable extent. He 
proceeded : — Of course I see more of those who go out for the sake of 
their health than of those who go out for the sake of their pockets ; 
and I am sorry to say I see a good many of the class referred to by 
the last speaker, who ought not to go out. I very frequently have to 
counsel a sea voyage to persons who consider themselves so well that 
it is not necessary ; and I very frequently have to discourage those 
who consider that it is the only thing which will save their lives, and 
this is a very difficult office. The result of a number of people in 
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advanced consumption going out is, that Melbourne, where they 
mostly land, is overstocked with imported consumptive persons, who 
remain there and die in the hospitals. But I confess when I come to 
look at these statistics which Mr. Burridge has put before us, I am 
rather surprised to find how small the number of these persons is. If 
you take all those who die before they have been two years in the 
colony, you find they form only 4 per-cent of the whole consumptive 
mortality. Of those who go out but are really too ill to undertake 
the voyage, I think we may assume that a large proportion die within 
two years. If they live two years, one may naturally assmne that it 
was right for them to go ; but these figures show that the constant 
compMnt made that medical men are perpetually sending out 
consumptive people, to die soon after their arrival in the colony, is 
not borne out by the facts. Now I should like to say a word on the 
question of infant mortality. I think that Victoria deserves the 
thanks of all other communities for having separated infant mortality 
into four subdivisions. Accurate knowledge is the first step towards 
improved sanitation. If we knew more precisely than we do at 
present, when that infant mortality mainly occurs — if during the first 
month, or first three months, or first six months — I believe that we 
should be in a position to take more efficient steps for its diminution. 
I believe it vnll be found that this mortality has a very close reference 
to poverty, underfeeding, and especially to overcrowding. Children 
die off whenever they have not a sufficiency of air; so that, in 
proportion as a city becomes densely populated, you may expect that 
the mortality will increase. In the early days of Victoria, the place 
was comparatively small, and the towns were not excessively crowded ; 
but now that they are becoming more closely peopled, I think that 
we may assume that the mortality from infantile disorders will 
increase. With reference to table " F ", the idea which exists in the 
minds of English medical men with reference to the Australian 
climate, as compared to the English, is that it is something like the 
Italian — ^in this respect, that, whereas in this country a large majority 
of people die from chronic diseases, in Italy and Australia a large 
proportion die from acute diseases. Now, when I come to look at 
this table, I do not find that idea very strongly supported. If you 
look at ** zymotic diseases*', they are pretty much the same in each 
country. I may say in passing, with regard to that remarkable 
mortality referred to in another table, which shows that between 
1873 and 1876 an undue wave of mortality swept over the colonies, 
I believe that this was due to the excessive development of scarlet 
fever. I have today seen two members of a family in which three 
died in Victoria from scarlet fever during the epidemic of 1875 and 
1876, so that, although these statistics seem so very startling, I 
believe they are accounted for by the unusual wave of epidemic 
disease, a wave which may perhaps never return, but which we may, 
if we believe in the doctrine of cycles, expect to recur in about ten 
years. But, not to speak further on this point, you see a striking 
difference is observable in the column of "constitutional diseases"; 
and one is perfectly prepared to find that it should be so. The 
conditions of colonial life are such as to lessen the tendency to the 
development of those chronic diseases which are so excessively fatal 
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with U8, includiDg scrofula, gout, and consamption, and those maladies 
which occur mainly as the result of overcrowding and deficient air, 
and of lahour in confined workshops, and insufficient food. Then 
when we come to look at the "local diseases", I confess mjself 
unprepared to see the difference there shown. The mortality in 
England from ^^ocal diseases" is almost double what it is in the 
colony. This no doubt is due to the fact that we have in England a 
larger number of cases of brain diseases, liver disease, kidney disease, 
heart disease, and the like, which are dependents upon, and might be 
more properly classed under the head of " constitutional diseases ", 
and I beUeve that these in reality magnify unduly the class of " local 
diseases". We have in the colony a large proportion of acute 
inflammatory affections, such as pneumonia, hepatitis, sunstroke, and 
so on, whereas in England '^ local diseases " are mainly degeneratiye 
affections. As regards *' developmental diseases", this comprises 
such a curious congeries of maladies of all sorts, that one hardly 
knows how to deal with it. It seems rather curious that *' old age " 
should be a " developmental disease ", but so it is, according to the 
grouping. As regards "violent deatiis", I think we might expect 
that mortality from that cause would be very much greater, as has 
been well explained by Mr. Walford. Just one word as regards 
climate. I think that, when you have such an enormous extent of 
countiT, varying in elevation, in vicinity to the sea, &c., so much as 
Yictona does, it is not easy to group the whole, and speak of the 
whole as one. We, as medical men, of course choose our climates, 
and send our patients to selected places ; and the fact that there is a 
considerable mortality in Melbourne, which is marshy in some places, 
would not diminish our tendency to send those who have an inclination 
to early disease out to the colony, our endeavour being to send them 
to well-selected places. All these statistics, although they show that 
in Melbourne there is a considerable mortality from phthisis, do not 
show that it is undesirable to send well-selected cases to special parts 
of the colony. 

Mr. R. P. Habdy said, that in the last edition of the Australian 
Year Book, which has only been published a few days, Mr. Hayter 
draws attention to a fallacy, which is not uncommon m this country, 
namely, in showing a comparative death-rate, not to take into sufficient 
consideration the fact that the average age of the population is, and 
must be, very different. The difference is particularly marked in the 
case of marriages. The impression left on his mind after studying 
not merely Mr. Hayter's book, but also Mr Burridge's paper, is that 
we must not draw our inferences too closely from the figures now 
before us, as there must be a considerable difficulty in arriving at the 
number exposed to risk. 

Mr. BuBBinaE, in reply, first spoke of the method of graphical 
graduation which he had adopted. This had been brought before the 
Institute on two occasions by Mr. Sprague ; who, on the second of 
those occasions, stated that he was gratified to observe that the same 
objections were not raised to the method as on the first occasion. If 
he had been here tonight he would have been still more gpnitified, 
as the method had met with approval. As Mr. King stated, this 
investigation is not a final one in any sense, but must be regarded 
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as a first step. He thought that, with regard to the infant mortality, 
which was so very favourable, it is possible that the infants going 
away have perhaps had an undue influence on the mortality. With 
regard to phthisis, an eminent physician in Melbourne, Dr. William 
Thompson, makes some excee^ugly strong deductions from the 
figxures, and states, in fact, that consumption is not only very heavy, 
but that it is on the increase. He falls, however, into a mistake by 
too strongly contrasting the consumption in the country districts 
with the consumption in Melbourne. He forgets that almost all the 
cases occur in Melbourne, probably not only from the reason that they 
originally lived there, but because sick people naturally go where 
hospital and medical aid can be most readily gained. But for that 
reason it is rather hard to say that the consumption of the whole of 
Victoria shows such a large increase. As it has been very happily 
put, you might as reasonably say the mortality in a bedroom is much 
larger than in a sitting-room, where it is not the difference of climate 
of the two rooms, but because most people go to their bedrooms when 
attacked by sickness. 



On the Adjustment of Mortality Tables. By John Adams 
HiOHAM^ Member of the Actuaries' Club. 

[Bead before the Institute, 24 April 1882.] 

Mr. JOHN FINLAISON'S method of graduation {Journal, 
vol. xzi^ page 50) deals with an irregularity^ which^ for convenience^ 
may be assumed to be unity^ in the following manner: — It 
diminishes the irregularity to a small fraction on its first appear- 
ance at one end of the formula; conducts it along the formula 
by easy stages^ as over a double inclined plane ; and dismisses it 
gently at the other end. The method has the advantage of 
simplicity in working and cheeky but it is correct to first difi^erences 
only. 

Mr. Woolhouse's method is correct to third difi^rences^ and 
the irregularity glides over a curve; but the application of the 
formula requires sustained attention. 

The object of this paper is to combine the facility of the one 
method with the smoothness and correctness of the other. 

Let S be the sum of nine numbers^ Uq to Us, increasing by 
third differences^ 

S =r 9«tt + 86Ai + 84As + 126Aa , 

|=i/o+4Ai + ^A,+ 14As, 
the central term^ f/4=:ti0+4Ai + 6A2+4A8 ; 
whence v^= 9 "" ( 3 ^*"^ ^^^V ' 
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Again^ — ^let T be the sum of 

im-2tt, + aw,4 4tt,+ 5tt4+4tf5+3ii«+2u7+iit 
T = 25tt. + lOOA, + 200A, -♦- 25OA3 

T 

2^ =«.+ 4A, + 8A,+ lOAs . 

S 28 

Compare ^ = ttjH-4Ai + ^A,+ 14As 



9 25 ""3 






10 /S T\ 10 . ^,^. 

, S 10/S T\ 

whence «,= --_(^---j 

= 1? T^__6 ST S_ 3T-5S 
" 4 '25 4'9'"10 6"" 30 * 

Assume^ now^ that an irregularity amounting to +1 enters 
the series. It adds 1 to T when it affects u^, and it adds 2, S, 4^ 5^ 
4j 3^ 2^ 1^ when it affects in succession Ui^u^y , . . . «8* 

It adds 1 to S in respect of each term of ti. 

Consequently^ the numerator of the formula is raised in the 
successive terms by (3-5), (6-5), (9-5), (12-5), (15—5), 
(12 — 5), (9—5), (6—5), and (3—5). And the increments of the 
successive terms are —2, 4-1, +4, +7, -f 10, +7, +4, +1, 
-2; all divided by 30. 

If an irregularity be thus distributed, so are the normal 
numbers; and, applying these deductions to the graduation of 
the decrement in a table of mortality, the adjusted value of 
dx is 

-2rf,44-rf^3 4-4rf,a4-yrf-i + 10rf+7rf+i-|-4rf^«H-rf.H3-2^+4 

30 " 

This formula has but a moderate graduating power, for two 
reasons; first, because it embraces a small number of terms; 
second, because the terms vary in straight lines instead of in a 
curve. The first defect may be amended by dealing, in a similar 
manner, with a larger number of terms. Not so the second. To 
correct both defects, the formula must be applied twice. 
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Suppose that %i^ represents d^i . 

After one adjustment^ the corrected value 

of d^ is {— 2rf2, + rf2a + 4rfa3H-7^+&c.} -f 30, 
w *6 „ {-2rfB + i^ + 4£^H-&c.}^30, 

„ d^ „ {-24»+rfa4 + &c.} -^ 30. 

and so on to the corrected value of d^. 

And these, in the second adjustment, are multiplied respectively by 

{-2, +1, 4-4, +7, 4&c.}^30. 

Multiplying and collecting, we have, as the adjusted value of d^y 

{4rf„-4<4i-15<ia-20£^-10rf«+48rf«i+127d>74-200i» 

+ 240<t9+ 200^30 +127^31+ -4</3«+4rf3^ -f900, 

being approximately 

•00Mi--004iB-'017(ia--022*M--0114j+053d26 + -141djr7 

+ -222^28 + -267^29 4- •222rf3o 4- &c. 
Mr. Woolhouse^s formula is 

- -02441- Oiec^B +024(iM+056<ia6 4-168dv4--192(^ 

4- •200^294- •192<^4- &c. 

T, as employed above, represents the result of summing the 
terms of the decrement five at a time, and again five at a time. 
By varying this part of the procedure, any number of formulae 
may be obtained, all giving correctly the central term to third 
difierencesj but hardly any of them (so far as I have observed) 
available for graduation, because they have considerable prime 
numbers in the denominator; or because they do not maintain 
a proper relation between the central and outlying terms; Mr. 
Woolhouse's formula being taken as the standard of what that 
relation should be. For example : — With a view to obtain the 
full adjustment by one operation, let dx be summed in fives, four 
times in succession. The multipliers for the successive terms of 
u are 

1, 4, 10, 20, 35, 52, 68, 80, 85, 80, ... 4, 1. 

S includes seventeen terms, and the central term is | =- "" oi }> 

which is useless for columnar calculation, because I cannot divide 
by 17 at sight. Or, with the same object, let d^f be summed in 
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fives^ twice; and the results^ seven at a time. The multipliers 
of tt are 

1, 3, 6, 10, 15, 19, 22, 23, 22, 8, 1. 

T— 5S 
S includes fifteen terms, and the central term is .^y. ; beantifiil 

in simplicity, but unavailable, because the formula in detail is 
(quoting coeflBcients only), 

-•04-02+01+05+10+14+17+18+17-I-... -02-04. 

Comparing this with Mr. Woolhouse's formula, it will be seen 
that the central terms are too small in proportion to the others. 
(The central term is the lai^est term, the formula not being 
written at full length for economy of space.) In effect, it disposes 
too vigorously of an irregularity at the original point of incidence^ 
reproducing it with insufiBcient mitigation at a distance of several 
terms. 

Rejecting these, and returning to — ^ — , twice applied, we 

observe that the formula, as written in juxtaposition with Mr. 
Woolhouse^s, differs therefrom in the opposite direction to that 
which has just now been remarked upon ; and that the variation 
is in the right direction, if variation there must be. If a first 
adjustment is sufficiently even for the purpose in view, there is 
advantage in the greater prominence given to the central terms, 
because the graduated d^ is by so much nearer to the unadjusted 
value. And if, on the other hand, the adjustments have to be 
repeated, there is margin for improved smoothness without too 
great departure from the data in detail. 

Again, — the less the outlying terms have to do with the 
matter, the less is the error arising from a change in the order of 
differences in the span of years included in the formula. 

Two columns will be saved in working if, instead of 

_3T-5S 

lOS 
we write lOrf^. = T ^ . 

This last formula it is proposed to apply to the H^ Table. 

The first three terms in the decrement are 79, 0, 40 ; in which 
the obvious correction is made, 40, 39, 40, at ages 10, 11, 12. 

The large number of deaths at age 96 is assumed to include 
some belonging to the preceding and succeeding years. Instead 
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of 5, 10, 0, at ages 95, 96, and 97, I write 9, 5, 1 ; it appearing 
from one or two trials that this ending is more in harmony than 
another with the expectation at old ages. 

The sum of rf«+rfx+i + &c., is l^^Uoi tr(l + ^«) « the sum of 
the series l^+lx+if 4- &c. ; dg, adjusted, is Ai/^; t<»=rf98=0. 

From these data As and As may be obtained, and the series 
worked out ; but trial by error takes less time, and is sufficient 
for the purpose. 

With these two exceptions, nothing will be done arbitrarily or 
by inspection. 

The formula does not reach the first and last four years of the 
table. When the adjustment is suspended at age 93, we observe 
that the number of entries which dg;, d^, &c., have made into T, is 

1, 3, 6, 10, 15, 19, 22, 24, and 25 ; 

the last applying to d^, and being the full complement of entries. 
These numbers are obtained by continuous summation of 1, 2, 3, 
4, 5, 4, 3, 2, 1, the factors of the terms of u in T. 

The number of entries into T, which the concluding terms of 
d ha.\e failed to make, is 

<'«i»+3rf»i + &/„+ 10^88+ 15rfM+ 19rfM+22rf9« + 24rf97=953. 

Conversely, the number of entries into T, which the commencing 
terms of d have failed to make, is 

di7 + 3rfi6 + 6rfi5 + lO^M 4- 1 5rf,s + 19rfia + 22rf„ + 24rfio = 3,676. 

The casting of column T is 245,371, to which add 953 and 3,676. 

Total, 250,000 ; testing the correctness of that column. 

The number of entries into S, which the concluding terms of 
d have failed to make, is 

^90 + 2rfw + 3rf„ + 4^93 + 5^94 -f 6rf96 + 7rf«| + 8^97 = 427. 

The number of entries into S, which the commencing terms of 
d have failed to make, is 

di7 + 2di9 + 3rf,5 -f 4rf,4 + 5rfi3 + 6rf,a + 7rfii + Sdio = 1,275. 
The casting of column S is 88,298, to which add 427 and 1,275. 

Total, 90,000 ; testing the correctness of that column. 
These figures fiimish the means of completing the beginning 

and end of the adjustment by \T w- j = lOrf, 
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953- ^^ =953-712=241, 
o 

which is the number of deaths assignable to \0[d^ . . . d^) ; 

12750 



3,676- 



=3,676-2,125 = 1,551, 



which is the number of deaths assignable to 10(£?io . . ^u)- 

I have thought it sufficiently accurate to interpolate these 
numbers by second diflFerences between the adjusted d^ and the 
original d^ ; and between the original diQ and the adjusted di^. 

After the first adjustment, the one or two isolated points' are 
plainly seen, at which Mr. Woolhouse would sanction amendment 
by inspection; but this I have not attempted, preferring, in a 
mere exercise like the present, to exhibit the untouched results of 
the methods employed. Partly in consequence of this, the second 
adjustment does not entirely satisfy me; and a third is made, 
before summing for numbers living and expectations. 

The following table shows, in perhaps the most convenient 
form, the extent of departure from the unadjusted probabilities 
involved in these successive proceedings. 



JProhahility of Living Five Years, 



Age. 


Unadjusted 
Probability. 


Once 
adjusted. 


Twice 
acVJusted. 


Thrice 
adjusted. 


Woolhouse. 


10 


•98060 


•98169 


•98201 


•98216 


•98224 


15 


•98063 


•98042 


•98011 


•97981 


•97963 


20 


•96683 


•96665 


•96680 


•96707 


•96714 


25 


•96666 


•96590 


•96593 


•96587 


•96566 


30 


•95972 


•96015 


•96004 


•96001 


•96012 


35 


•95339 


•95343 


•95353 


•95360 


•95367 


40 


•94771 


•94726 


•94708 


•94702 


•94695 


46 


•93340 


•93319 


•98319 


•93333 


•93336 


50 


•91587 


•91504 


•91474 


•91449 


•91457 


55 


■88532 


•88505 


•88503 


•88>497 


•88503 


60 


•83605 


•83716 


•83735 


•83747 


•83744 


65 


•76922 


•77249 


•77319 


•77351 


■77335 


70 


•67150 


•67356 


•67373 


•67402 


•67888 


75 


•54652 


•64438 


•54338 


•54231 


•54221 


80 


•38865 


•38554 


•38670 


•38800 


•38923 


85 


•27726 


•27675 


•27502 


•27330 


•26927 


90 


•10000 


•07047 


•08558 


•09269 


•09247 
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ADDENDUM. 

Mr. Woolhouse's formula may be deduced from the terms of 
u as follows : — 

For the first curve u^, Us, and Uio, are given to find Uy. 
y, second „ Ui, u^, sniun, „ „ 

third „ uyy is given^ and u^ and u^ are not used, 

fourth „ Us, Ug, and Ui^, are given to find t^. 






fifth y, u^fU^} and u^, 



First Curve. 
115 = tt„ + 5 A, + lOAj + lOAs 
tiio = Mo + lOAi + 45 A2 + I2OA3 ; 
9tt5 — 7t^ — 2^10 4- 1 5OA3 



whence A| = 



25 



J . Mo — 2tl5 + Wio— lOOAs. 

and A2= ^ 

Insert these values in M7=M6 + 2AiH-11A2+25A8. 

Second Curve. 

t«i=tto+Ai 

Mfl = Mo + 6A1 H- 15 Aa -h 2OA3 
w,i=Mo + llAi-f-55A2-f leSAs; 
1 1m6 — 8mi — 3mii + 275 A3 



whence Ai = 



and A3S 



25 

Ml — 2M5 + M1, — I25A3 



25 

Insert these values in M7=M6-fA|4-6Aj-|-15A8. 

Fourth Curve. 

M3=Mo + 8A, + 3A2 + A8 

M8= Mo + 8A1 + 28A, + 56A3 
M,3 = Mo + 13 Ai + 78A2 + 286A8 ; 

(Continued on p, 350.) 
VOL. XXIII. 2 A 
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H**. — First Adjustment. 



Age. 

X 


rfx 


Fives. 


Fives 
again 

= T 


(rfa8_4 . . rfx+4) 


lOS 
6 


T 6 
= 10rf. 


1 

1 

A 


10 


(40) 


■ « • 


• • • 


• • • 


■ • • 


(400) 
(409) 


+ 9 


11 


(39) 


■ • • 


• ■ • 


• • • 


« * • 


- 16 


12 


40 


194 


• ■ ■ 


■ • ■ 


• • • 


(393) 


- 41 


13 


35 


176 


• « ■ 


■ • • 


■ « « 


(349) 


- 69 


14 


40 


137 


807 


316 


527 


280 


- 50 


15 


22 


138 


803 


34i 


573 


230 


+ 19 


16 





162 


851 


361 


602 


219 


+ 109 


17 


41 


190 


1,005 


388 


647 


358 


+ 132 


18 


59 


224 


1.176 


412 


686 


490 


* +105 


19 


68 


291 


1,337 


415 


742 


595 


+ 59 


20 


56 


309 


1,466 


487 


812 


654 


+ 7 


21 


67 


323 


1,553 


535 


892 


661 


- 21 


22 


59 


319 


1,570 


558 


930 


610 


- 2 


23 


73 


311 


1,570 


559 


932 


638 


- 21 


24 


64 


308 


1,554 


562 


937 


617 


- 27 


25 


48 


309 


1,545 


573 


955 


590 


+ 13 


26 


64 


307 


1,570 


680 


967 


603 


+ 20 ; 


27 


60 


310 


1,599 


586 


976 


623 


+ -10 


28 


71 


336 


1,641 


587 


978 


663 


+ 31 


29 


67 


337 


1,687 


596 


993 


694 


+ 5 


30 


74 


351 


1,739 


624 


1,040 


699 


+ 11 


31 


65 


353 


1,762 


631 


1,052 


710 


+ 7 


32 


74 


362 


1,794 


&16 


1,077 


717 


+ 9 


33 


73 


359 


1,819 


656 


1,093 


726 


+ 3 


34 


76 


369 


1,856 


676 


1,127 


729 


+ 17 


35 


71 


376 


1,896 


690 


1,150 


746 


+ 26 


36 


75 


390 


1,949 


706 


1,177 


772 


+ 35 


37 


81 


402 


2,002 


717 


1,195 


807 


+ 29 


38 


87 


412 


2,054 


731 


1,218 


836 


+ 21 ' 


39 


88 


422 


2,089 


739 


1,232 


857 


- 8 ' 


40 


81 


428 


2,117 


761 


],268 


819 


- 3 ' 


41 


85 


425 


2,151 


783 


1,305 


846 


+ 10 


42 


87 


150 


2,186 


798 


1,330 


856 


+ 16 


43 


81 


446 


2,235 


818 


1.363 


872 


+ 44 ; 


4i 


93 


457 


2,309 


836 


1,393 


916 


+ 35 


45 


97 


477 


2,398 


868 


1,447 


951 


+ 37 


46 


96 


499 


2.494 


• 903 


1,506 


988 


+ 52 


47 


107 


519 


2,607 


940 


1,567 


1,040 


+ 47 


48 


106 


542 


2,713 


976 


1.626 


1.087 


+ 63 


49 


113 


570 


2,810 


1.002 


1,670 


1,110 


+ 10 


60 


120 


583 


2,903 


1,034 


1,723 


1,180 


+ 8 


51 


124 


696 


3,006 


1,091 


1,818 


1,188 


+ 29 


52 


120 


612 


3,107 


1,134 


1,890 


1,217 


+ 43 


53 


119 


6-i5 


3,227 


1,180 


1,967 


1,260 


+ 73 


64 


129 


671 


3,371 


1,223 


2,038 


1,333 
33,458 


+ 97 


Carried ) 
forward) 


8,338 


16,377 


80,328 


29,052 


48,421 


1 

• « • 
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H". — First Adjustment — (continued). 



Age. 

X 


dz 


Fives. 


Mves 
again 

«=T 

80,328 




lOS 
6 


^" 6 
= 10d. 


A 


Brought 
fom-ard ) 


3,338 


16,377 


29,052 


48,421 


83,458 


• • • 


55 


153 


703 


3,523 


1,256 


2,093 


1,430 


+ 50 


56 


150 


740 


3,673 


1,316 


2,193 


1,480 


+ 50 


57 


152 


764 


3,838 


1,382 


2,303 


1,530 


+ 47 


58 


156 


795 


4,000 


1,454 


2,423 


1,577 


+ 55 


59 


153 


831 


4,174 


1,525 


2,542 


1,632 


+ 115 


60 


184 


870 


4,377 


1,678 


2,630 


1,747 


+ 95 


61 


186 


914 


4,580 


1,643 


2,738 


1,842 


+ 87 


62 


191 


967 


4,781 


1,711 


2,852 


1,929 


+ 85 


63 


200 


998 


4,972 


1,775 


2,958 


2,014 


+ 44 


64 


206 


1,032 


5,156 


1,859 


3,098 


2,058 


+ 67 


65 


215 


1,061 


5,327 


1,921 


3,202 


2,125 


+ 93 


66 


220 


1,098 


5,465 


1,948 


3,247 


2.218 


+ 55 


67 


220 


1,138 


5,671 


1,979 


3,298 


2,273 


+ 11 


68 


237 


1,136 


5,696 


2,047 


3,412 


2,284 


+ 33 


69 


246 


1,138 


5,790 


2,084 


3,473 


2,317 


- 84 


70 


213 


1,186 


5,898 


2,169 


3,615 


2,283 


+ 103 


71 


222 


1,192 


6,036 


2,190 


3,650 


2,386 


+ 117 


72 


268 


1,246 


6,195 


2,215 


3,692 


2,503 


+ 89 


73 


245 


1,274 


6,262 


2,202 


3,670 


2,592 


+ 77 


74 


300 


1,297 


6,306 


2,182 


3,637 


2,669 


-100 


75 


241 


1,253 


6,215 


2,188 


2,646 


2,569 


-121 


76 


215 


1,236 


6,051 


2,162 


3,603 


2,418 


-113 


77 


224 


1,155 


5,810 


2,085 


3,475 


2,335 


-131 


78 


226 


1,110 


5,562 


2,015 


3,358 


2,204 


- 72 


79 


219 


1.056 


5,277 


1,887 


8,145 


2,132 


-101 


80 


196 


1,005 


4,973 


1,765 


2.942 


2,031 


-124 


81 


191 


951 


4,635 


1,637 


2,728 


1,907 


-163 


82 


173 


851 


4,252 


1,505 


2,508 


1,744 


-177 


83 


172 


772 


8,819 


1,351 


2,252 


1,667 


-236 


8( 


119 


673 


3,342 


1,206 


2.010 


1,332 


-193 


85 


117 


572 


2,882 


1,046 


1,743 


1,139 


-203 


86 


92 


474 


2,418 


889 


1,482 


936 


-192 


87 


72 


391 


1,997 


752 


1,253 


744 


-130 


88 


74 


308 


1,641 


616 


1,027 


614 


-153 


89 


36 


252 


1,338 


526 


877 


461 


- 61 


90 


34 


216 


1,082 


409 


682 


400 


- 69 


91 


36 


171 


884 


826 


543 


341 


- 62 


92 


36 


135 


711 


259 


432 


279 


- 60 


93 


29 


110 


539 


186 


310 


229 


- 93 


94 





79 


• • • 


• • • 


■ ■ « 


(136) 


- 68 


95 


(®? 


44 


• • • 


• • » 


• « • 


(68) 


- 41 


96 


5) 


• • • 


■ • • 


• • • 


• t • 


(27) 


- 17 


97 


(1) 


• • • 


• • • 


■ • • 


• a • 


(10) 


• ■ • 

• • • 


Total 

* ....... 


10,000 


49,571 


245,371 

1 


88,298 


147,168 


100,000 
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H« 



AdJMMfwteui. 



X 


<. 


Firm. 


acain 


(4.-4.. -?.-n) 


1 

lOS 
6 


^"6 
-lOit 


A 




10 


40 




• • • 






(400^ 
(400) 
(879) 


' 


1 


U 


41 




• • 


• • ■ 


• •■ 


- 21 • 


12 


39 


183 


• •» 


■ ■ « 


• • • 


- 39 


IS 


35 


166 


• • • 


• • • 


■ • • 


(340) 


- 60 . » 


14 


28 


150 


807 


816 


627 


280 


- 22 


15 


28 


147 


816 


835 


658 


258 


+ 28 


16 


26 


< 161 


884 


359 


596 


286 


+ 80 


17 


36 


192 


IJOCO 


386 


643 


366 


+ 107 


18 


49 


234 


1,165 


415 


692 


478 


+ 97 




19 


59 


275 


1,322 


451 


752 


570 


+ 64 




20 


65 


908 


1,451 


490 


817 


684 


+ 25 


21 


66 


318 


1,532 


524 


873 


659 


- 6 t 


22 


64 


821 


1,566 


548 


913 


653 


- 18 


23 


64 


315 


1,570 


561 


985 


635 


- 21 




24 


62 


309 


1,561 


568 


947 


614 


- 11 




25 


59 


307 


1,556 


572 


953 


608 


+ 5 




26 


60 


309 


1,568 


576 


960 


608 


+ 17 i • 


27 


62 


316 


1,597 


583 


972 


625 


+ 28 , 


28 


66 


1 327 


1 1,638 


591 


965 


658 


+ 28 




29 


69 


338 


i 1,684 


602 


> 1,008 


681 


+ 19 




30 


70 


348 


1,727 


616 


1,027 


700 


+ 12 




31 


71 


355 


1,764 


631 


> 1,052 


712 


+ 7 




32 


72 


359 


1,796 


646 


1 1,077 


719 


+ 6; 


83 


73 


364 


1,827 


661 


. 1,102 


725 


■t- 11 1 

1 


34 


73 


370 


1,861 


675 


< 1,125 


736 


+ 16 ; ' 


35 


75 


379 


1.904 


691 


1,152 


752 


+ 25 




36 


77 


389 


1,952 


705 


1,176 


777 


•f 28 




37 


81 


402 


2,002 


718 


' 1,197 


805 


+ 25 




38 


83 


412 


2,048 


731 


1,218 


830 


+ 16 




39 


86 


420 


2,068 


745 


1,242 


846 


+ 6 ! 


40 


85 


1 425 


2,120 


761 


1,268 


852 


+ 2 


41 


85 


429 


2,152 


779 


1,298 


854 


+ 8 


42 


86 


434 


2,190 


797 


1,828 


862 


+ 16 , 


43 


87 


444 


2,241 


818 


1,863 


878 


+ 30 




44 


91 


458 


2,310 


841 


1,402 


908 


+ 89 




45 


95 


476 


2397 


870 


1,450 


947 


+ 45 




46 


99 


498 


2,497 


903 


1,505 


992 


+ 51 




47 


104 


521 


2,603 


936 


1,560 


1,048 


+ 48 




48 


109 


544 


2,709 


971 


1,618 


1,091 


+ 42 




49 


114 


564 


2,810 


1,006 


1,677 


1,183 


+ 34 ; 


50 


118 


582 


2,907 


1,044 


1,740 


1,167 


+ 26 


51 


119 


599 


8,006 


1,088 


1,813 


1,193 


+ 34 


52 


122 


618 


3,114 


1,132 


1,887 


1,227 


+ 48 


53 


126 


643 


3,235 


1,176 


1,960 


1,275 


+ 63 


54 


133 


672 


3,371 


1,220 


2,083 


1,388 
38,479 


+ 72 




Carried ) 
forward) 


3,346 


16,376 


80,857 


29,038 


48,897 

1 


• . • 
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H**. — Second Adjustment — (continued). 



Age. 

X 


d» 


Piveti. 


Fivea 

again 

-T 




lOS 
6 


^~ 6 
«10<2s 


A 


Brought^ 
forward ) 


8,346 


16,376 


80,367 


29,038 


48,397 


33,479 


• • • 


66 


143 


. 703 


3,618 


1,266 


2,106 


1,410 


+ 60 


66 


148 


736 


3,672 


1,321 


2,202 


1,470 


+ 68 


67 


163 


766 


3,833 


1,383 


2,305 


1,628 


+ 68 


68 


168 


797 


4,003 


1,450 


2,417 


1,586 


+ 68 


69 


163 


833 


4,184 


1,518 


2,530 


1,664 


•I- 89 


60 


176 


873 


4,378 


1,681 


2,635 


1.743 


+ 92 


61 


184 


916 


4,678 


1,646 


2,743 


1,836 


+ 87 


62 


193 


969 


4,780 


1,716 


2,868 


1,922 


+ 80 


63 


201 


997 


4,976 


1,784 


2,974 


2,002 


+ 72 


64 


206 


1,036 


6,166 


1,849 


3,082 


2,074 


+ 68 


66 


213 


1,069 


6,319 


1,906 


3,177 


2,142 


+ 67 


66 


222 


1,096 


6,459 


1,960 


3,260 


2,209 


+ 42 


67 


227 


1,122 


6,578 


1,996 


3,327 


2,261 


+ 27 


68 


228 


1,137 


6,686 


2,045 


3,408 


2,278 


+ 23 


69 


232 


1,164 


6,798 


2,098 


3,497 


2,301 


+ 81 


70 


228 


1,177 


6,919 


2,162 


3,687 


2,332 


+ 77 


71 


239 


1,208 


6,054 


2,187 


3,645 


2,409 


+ 94 


72 


260 


1,243 


6.178 


2,206 


3,675 


2,503 


+ 76 


73 


269 


1,272 


6,262 


2,210 


3,688 


2,679 


+ 34 


74 


267 


1,278 


6,276 


2,198 


8,663 


2,613 


- 60 


76 


267 


1,261 


6,201 


2,183 


3,638 


2,663 


- 98 


76 


246 


1,222 


6,043 


2,147 


3,578 


2,466 


-120 


77 


233 


1,168 


5,825 


2,088 


3,480 


2,346 


-118 


78 


220 


1,114 


6,666 


2,003 


3338 


2,227 


-101 


79 


213 


1,060 


6,281 


1,893 


3,156 


2,126 


-103 


80 


203 


1,001 


4,971 


1,769 


2,948 


2,023 


-127 


81 


191 


938 


4,626 


1,638 


2,730 


1,896 


-166 


82 


174 


868 


4,238 


1,499 


2,496 


1,740 


-186 


83 


167 


769 


3,809 


1,353 


2,265 


1,564 


-209 


84 


133 


672 


3,347 


1,201 


2,002 


1,345 


-207 


86 


114 


672 


2,878 


1,044 


1,740 


1,138 


-202 


86 


94 


476 


2,424 


893 


1,488 


936 


-184 


87 


74 


389 


2.007 


753 


1,256 


762 


-148 


88 


61 


316 


1,644 


624 


1,040 


604 


-122 


89 


46 


266 


1,339 


514 


867 


482 


- 83 


90 


40 


209 


1,089 


414 


690 


399 


- 64 


91 


34 


171 


880 


327 


546 


335 


- 62 


92 


28 


139 


700 


256 


427 


273 


- 61 


98 


23 


106 


589 


196 


827 


212 


- 74 


94 


14 


76 


■ • • 


• • • 


• • • 


(138) 
(80) 
(37) 
(10) 


- 58 


96 


7 


46 


• • • 


• • ■ 


• ■ • 


- 43 


96 


3 


• • • 


• • • 


• • • 


• • a 


- 27 


97 


1 


• • • 


■ ■ ■ 


• • • 


■ • ■ 


••1 


Total 


10,000 


49,563 


245,370 


88,292 


147,154 


100,000 


•■• 



SHI 



Oit '^ 



\f Mtrr^zTf T'iMM, 



'JCLT 



H*.— 7i*r<* A r 



A*- 


d. 


K-*. 




• ^x-«-- <»-^ 


. V.^ 


' 6 Ai 


A, 


3t 


40 




«T 


"»:? 


< 


^V.^, 


-11 


JO 










(4i>" - 10 


n 

1 


i«'; 










,3^. _ 21 -13 


' 12 


^ 


lfcf> 








,3*«* - 84 -11 


\% 


:^ft 


166 








(3:io' - 45 +33, 


11 


28 


\ij^ 


«s22 


319 


532 


290 - 12 +41 


1-', 


26 


. 1-^ 


83^ 


336 


560 


278+29+39 


h; 


2r; 


1 '^ 


f*>> 


3o9 


598 


307+68 +::4 


17 


37 


106 


\l^) 


: »S7 


645 


375 ^92-3' 


IH 


47 


2:^3 


1,164 


418 


697 


467 -h 89 -25 


Hi 


57 


270 


l^ill 


1 4o3 


1 756 


556 -r 61 -34 


ii/> 


f>3 


21^ 


1,433 


i 48b 


1 813 


620 ,+ 30 -30 


21 


60 


314 


■ 1,515 


• 519 


! 865 


1 650 , -17 


Sf'i 


65 


, 318 


1,555 


1 513 


905 


' 650 1- 17, 


*l'.\ 


63 


, 315 


1 1^65 


559 


932 


633 ;- 17 + 8 


*l\ 


; 61 


310 


: 1,561 


567 


945 


616 - 9+14 


25 


60 


3^j6 


1,560 


' 572 


953 


607 


+ 5 


+ 12 


20 


61 


310 


1^72 


576 


960 


612 


+ 17 


+ 6 


27 


63 


317 


1^99 


582 


970 


629 


+ 23 


+ 1 


28 


65 


327 


1,637 


691 


985 


652 


+ 24 


- 4 


20 


68 


837 


1,681 


603 


1,005 


676 


+ 20 


- 6 


»() 


70 


346 


l,724r 


617 


1,028 


696 


+ 14-4 


HI 


71 


354 


1,762 


631 


1,052 


710 


+ 10-1 


;j2 


72 


360 


1,797 


646 


1,077 


720 


+ 9 


+ 2 


\s\\ 


73 


865 


1,831 


661 


1,102 


729 


+ 11 


+ 5 


\\\ 


74 


372 


1,867 


676 


1,127 


740 


+ 16 


+ 7 


W^i 


76 


880 


1,908 


691 


1,152 


756 


+ 23 


+ 1 


m 


78 


890 


1.954 


705 


1,175 


779 


+ 24-2 


H7 


80 


401 


2,000 


718 


1,197 


803 


+ 22 


- 6 


:i8 


83 


411 


2,044 


731 


1,219 


825 


+ 16 


- 8 


ail 


85 


418 


2,083 


745 


1,242 


841 


+ 8 


- 3 


W) 


85 


424 


2,117 


761 


1.268 


849 


+ 5 + 6 


41 


85 


429 


2.151 


778 


1,297 


854 


+ 10 + 8 


42 


80 


44)5 


2,192 


797 


1,328 


864 


+ 18 +11 


i^i 


88 


445 


2,245 


818 


1,863 


882 


+ 29 + 9 


41 


91 


459 


2,314 


842 


1,403 


911 


+ 38,+ 6 


4:) 


05 


477 


2,399 


870 


1,450 


949 


+ 44 + 4 


in 


im 


498 


2,496 


902 


1,503 


993 


+ 48 - 3 


47 


104 


620 


2,599 


935 


1,558 


1,041 


+ 45-4 


•18 


un) 


642 


2,703 


970 


1.617 


1,086 


+ 41-5 


Ml 


uu 


6(i2 


2.805 . 


1,007 


1.678 


1,127 


+ 36 - 3| 


tVi) 


U7 


681 


2,iH)6 1 


1,0-46 


1,743 


1,168 


+33+6' 


tM 


ni» 


(UX) 


3.1K)9 


1,088 


1,813 


1,196 +39+10 


.•C» 


12:< 


021 


8.120 


1.131 


1,885 


1,235 1+ 49 + 8 


TiH 


u»s 


046 


3.212 


1.175 


1,958 


1,284 +57 + 7 


♦N4 


i:u 


073 ! 

1 

lO.S^S3 


3.376 , 


1.221 
29.034 


2,035 


1,341 


+ 64 


- 3 

1 

1 

1 

* ■ • 




H.a48 


81K382 


48,890 , 

1 


33,486 ... ■ 
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H". — Third Adjustment — (continued). 



Age. 

X 


d. 


Fives. 


Fives 

again 

-T 




lOS 
6 


T, lOS 

6 
-lOrf, 


Ai 





Brought ) 
forward | 


3,848 


16,383 


80,382 


29,034 


1 
48,390 33,486 


• ■ • 


55 


141 


703 


3,520 


1,169 


2,115 


1,405 


+ 61 


+ 


56 


147 


734 


3,673 


1,324 


2,207 


1.466 


+ 61 


+ 8 


57 


153 


765 


3,835 


1.385 


2.308 


1,527 


+ 64 


+ 7 


58 


159 


798 


4^006 


1.449 


2,415 


1,591 


+ 71 


+ 11 


59 


165 


835 


4,187 


1,515 


2,525 


1.662 


+ 82 


+ 5 


60 


174 


874 


4,379 


1,581 


2.635 


1,744 


+ 87 


- 1 


61 


184 


915 


4,578 


1,648 


2,747 


1,831 


+ 86 


- 3 


62 


192 


957 


4,777 


1,716 


2,860 


1.917 


+ 83 


- 8 


63 


200 


997 


4,970 


1,782 


2,970 


2.000 


+ 76 


- 8 


64 


207 


1,034 


5,150 


1,845 


8.075 


2,075 


+ 67 


- 8 


65 


214 


1,067 


5,311 


1,901 


3,169 


2,142 


+ 69 


-18 


66 


221 


1,095 


5,451 


1,950 


3.250 


2,201 


+ 41 


- 9 


67 


225 


1,118 


5,574 


1,999 


3,332 


2,242 


+ 32 





68 


228 


1,137 


5,689 


2,049 


8,415 


2.274 


+ 32 


+ 16 


69 


230 


1,157 


5.606 


2,100 


3,500 


2,306 


+ 47 


+ 23 


70 


233 


1,182 


5,931 


2,147 


3,678 


2,353 


+ 70 


+ 9 


71 


241 


1,212 


6,060 


2,182 


3,637 


2.423 


+ 79 


-16 


72 


250 


1,243 


6,175 


2,204 


3,673 


2.502 


+ 63 


-41 


78 


258 


1.266 


6,250 


2.211 


3.685 


2.565 


+ 22 


-58 


74 


261 


1,272 


6,260 


2,204 


3.678 


2,587 


- 36 


-46 


75 


256 


1,257 


6,191 


2,184 


8,640 


2,551 


- 81 


-28 


76 


247 


1,222 


6,045 


2,145 


3.576 


2.470 


-109 


- 6 


77 


285 


1,174 


5,836 


2,085 


3,475 


2,361 


-115 


+ 4 


78 


223 


1,120 


5,581 


2,001 


3,335 


2.246 


-111 


- 5 


79 


213 


1,063 


5,293 


1,895 


3.158 


2.135 


-116 


-15 


80 


202 


1,002 


4,974 


1,773 


2.965 


2,019 


-131 


-26 


81 


190 


934 


4,621 


1,640 


2,733 


1.888 


-157 


-27 


82 


174 


855 


4,229 


1,499 


2,4-98 


1,781 


-184 


-18 


83 


155 


767 


3.799 


1,351 


2,252 


1,547 


-202 


- 5 


84 


134 


671 


3,342 


1.198 


1,997 


1,345 


-207 


+ 7 


85 


114 


572 


2,878 


1,044 


1,740 


1.138 


-200 


+ 19 


86 


94 


477 


2,428 


894 


1,490 


938 


-181 


+ 32 


87 


75 


391 


2,014 


754 


1,267 


767 


-149 


+ 30 


88 


60 


317 


1,651 


626 


1,043 


608 


-115 


+ 31 


89 


48 


257 


1,344 


513 


855 


489 


- 88 


+ 18 


90 


40 


209 


1,089 


413 


688 


401 


- 70 


+ 5 


91 


34 


170 


876 


327 


545 


331 


- 65 


+ 3 


92 


27 


136 


693 


256 


427 


266 


- 62 


- 3 


93 


21 


104 


532 


197 


328 


204 


- 65 


+ 11 


94 


14 


74 




• • • 


• • • 


(139) 


- 54 


+ 11 


95 


8 


48 


• « • 


• * a 


• • • 


(85) 
(42) 


- 43 


+ 11 


96 


4 


■ • • 


• a • 


■ • • 


a a a 


- 32 


• a a 


97 


1 


• ■ • 


■ • • 


■ • « 

1 ^_, 


• a ■ 


(10) 




• as 

... 


Total 


10.000 


49,564 


1 

245,380 


88,290 

1 


147,150 


100,000 


• • • 
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Om tke AJjmttmemi 9f Mmimhhf Tmbks. 



[JrLY 



B^.—Adjmsi^. 











Ar«n^ 






Armce 


Aft. 


4« 


l^ 


1 s. 


i-in:*« c of 


Exim. 


DeCect. 


dimtioo of 

Life, 


' 




1 

■ 


■ 

1 

1 


*iiji*t«il 
' 50-30 






DAadjasted. 


10 


400 


; ioo^>» 


' 4,979.762 


■01 


■ • ■ 


50-29 , 


11 


390 


99.«0 


4,SS0,1« 


49 50 




•19 


49-69 I 


12 


369 


99^10 


, 4,7^50^2 


48-69 




■ • ■ 


48-69 


13 


335 


. 9S,S41 


! 4,6^.111 


47-87 




"01 


47-88 


14 


290 


98,506 1 4y5.S3.6i>5 


47« 


1 ... 


•02 


47-05 


15 


27S 


9»s216 


4,4S5,3S9 


46-17 




•07 


46-24 


16 


307 


97,938 


4,387,451 


45-30 




•M 


45-34 


17 


375 


97,631 


4.289320 


•M-M 


•10 


... 


44-34 


18 


467 


97,256 1 4,192,5^ 


43-61 


•06 




43-53 


19 


556 


96,789 


4,095,775 


; 42-82 


•03 


• • * 


42-79 


20 


620 


96,233 


3,999.542 


42-06 


... 


•03 


42-09 


21 


650 


95,613 


3,903,929 


41-33 


... 


* a • 


41-33 


22 


650 


94,963 


3,8(J8,966 


40^1 


• * ■ 


•01 


40-62 


23 


633 


94,313 


3,714,653 


39-89 


•02 


> 

... 


39-87 


24 


616 


93,680 


3,620^3 


3915 


... 


•08 


39-18 


25 


607 


93,064 


3,527,909 


38-41 


... 


•03 


38-44 


26 


612 


92,457 


3,435,452 


37-66 


•02 


... 


37-64 


27 


629 


91,845 


3,343,607 


36-91 


-01 


... 


36-90 


28 


652 


91,216 


3,252,391 


3616 


•02 


... 


3614 


29 


676 


90,564 


3,161,827 


35-41 




•01 


35-42 


30 


696 


89,888 


3,071,939 


34-68 




a ■ ■ 


34-68 


31 


710 


89,192 


2,982,747 


33-94 




•02 


33-96 


32 


720 


88,482 


2,894,265 


33-21 




• • • 


33-21 


33 


729 


87,762 


2,806,503 


32-48 




... 


32-48 


34 


740 


87,033 


2,719,470 


31-75 




... 


31-75 


35 


756 


86,293 


2,633,177 


31-01 




•02 


3103 


36 


779 


85,537 


2,547,640 


30-28 




• • • 


30-28 


37 


803 


84,758 


2,462,882 


29-56 


•01 


• • • 


29-55 


38 


825 


83,955 


2,378,927 


28-84 


-01 


• • • 


28-83 


39 


841 


83,130 


2,295,797 


2812 


■ • ■ 


■ ■ • 


2812 


40 


849 


82,289 


2,213,508 


27-40 


« • • 


-02 


27-42 


41 


854 


81,440 


2,132,068 


26-68 


■ • • 


•01 


26-69 


42 


864 


80,586 


2,051,482 


25-96 


• • • 


... 


25-96 


43 


882 


79,722 


1,971,760 


25-23 


• « • 


•01 


25-24 


44 


911 


78,840 


1,892,920 


24-51 


•01 




24-50 


45 


949 


77,929 


1,814,991 


23-79 






23-79 


46 


993 


76,980 


1,738,011 


23-08 


• • • 




23-08 


47 


1,041 


75,987 


1,662,024 


22-37 


■ • • 




22-37 


48 


1,086 


74,946 


1,587,078 


21-68 


• ■ • 




21-68 


49 


1,127 


73,860 


1,618,218 


20-99 


•01 




20-98 


60 


1,163 


72,733 


1,440,485 


20-31 


•01 




20-30 


61 


1,196 


71,570 


1,368,915 


19-63 


■ « ■ 




19-63 


52 


1,236 


70,374 


1,298,541 


18-95 


■ • • 


•02 


18-97 


53 


1,284 


69,139 


1,229,402 


18-28 


• • • 


•01 


18-29 


54 


1,341 


67,855 


1,161,547 


17-62 


•02 


• • • 


17-60 


Carried ) 












^ ^ 




fonrnrd f 


• •• 


••« 


• • • 


• • • 


•36 


•56 


••• 
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H".- 


Adjusted — (continued) . 














Average 






Average 


Age. 


rfx 


l. 


N, 


duration of 
Life, 


Excess. 


Defect 


duration of 
Life, 


X 








adjusted. 






una4Juffted. 


Brought ) 
forwanl J 


1 • • 


• • • 


■ • • 


• • • 


-36 


•65 


• •• 


55 


1,405 


66,514 


1,095,033 


16-96 


•03 


• • • 


16-93 


56 


1,466 


65,109 


1,029,924 


16-32 


• ■ • 


« • • 


16-32 


67 


1,527 


63,643 


966,281 


15-68 


• • « 


•01 


15-69 


58 


1,591 


62,116 


904,165 


1606 


• ■ « 


•01 


1607 


59 


1,662 


60,525 


843,640 


14-44 


• • • 




1444 


60 


1,744 


58,863 


784,777 


13-83 


•03 




13-80 


61 


1,831 


57,119 


727,658 


13-24 


-01 




13-23 


62 


1.917 


55,288 


672,370 


12-66 


• • • 




12^66 


63 


2,000 


63,371 


618,999 


12-10 


•01 




1209 


64 


2,075 


61,371 


567,628 


11-56 


•01 




11-54 


65 


2,142 


49,296 


618,332 


1101 


• • • 




1101 


66 


2,201 


47,154 


471,178 


10-49 


• ff • 




10-49 


67 


2,242 


44,953 


426,225 


9-98 


■ • ■ 




9-98 


68 


2,274 


42,711 


383,514 


9-48 


•02 




9-46 


69 


2,306 


40,437 


343,077 


8-98 


• • • 


'6i 


8-99 


70 


2,353 


38,131 


304^946 


8-50 


• ■ ■ 


•O-i 


8-54 


71 


2,423 


35,778 


269,168 


8-02 


■ • • 


• ■ • 


802 


72 


2,502 


33,355 


235,813 


7-57 


•05 


■ • ■ 


7-52 


73 


2,565 


30,853 


2(U,960 


7-14 


-02 


■ * • 


712 


74 


2,587 


28,288 


176,672 


6-75 


•06 


• • ■ 


6-69 


75 


2.551 


25,701 


150,971 


6-37 


• • • 


•06 


6-42 


76 


2,470 


23,150 


127,821 


6-02 


■ • a 


•01 


6-03 


77 


2,361 


20,680 


107,141 


5-68 


• ■ • 


-01 


5-69 


78 


2,246 


18,319 


88,822 


5-35 


•02 


• • ■ 


5-33 


79 


2,135 


16,073 


72,749 


5-03 


-03 


• • ■ 


5-00 


80 


2,019 


13,938 


58,811 


4-72 


•01 


■ • • 


4-71 


81 


1,888 


11,919 


46,892 


4-43 


-03 


• • • 


4-40 


82 


1,731 


10,031 


36,861 


4-17 


•03 


■ • • 


4-14 


83 


1,547 


8,300 


28,561 


3-94 


•04 


... 


3-90 


84 


1,345 


6,753 


21,808 


3-73 


• • ■ 


•06 


3-79 


85 


1,138 


5,408 


16,400 


3-53 


•02 


... 


3-51 


86 


938 


4,270 


12,130 


3-34 


• • • 


... 


3-34 


87 


757 


3,332 


8,798 


314 


•01 


• ■ • 


313 


88 


608 


2,575 


6,223 


2-92 


•05 


• • • 


2-87 


89 


489 


1,967 


4,256 


2-66 


* • • 


•15 


2-81 


90 


401 


1,478 


2.778 


2-38 


•03 


■ • • 


2-35 


91 


331 


1,077 


1,701 


2-08 


•17 


• « • 


1-91 


92 


266 


746 


955 


1-78 


•23 


• • • 


1-66 


93 


204 


480 


476 


1-49 


•09 


• • ■ 


1-40 


94 


139 


276 


199 


1-22 


• • • 


•99 


2-21 


95 


85 


137 


62 


-95 


• ■ ■ 


•26 


1-21 


96 


42 


62 


10 


•69 


•19 


■ ■ • 


•50 


97 


10 


10 


t • t 


-50 


•60 


• • • 


• • « 


Total 


• • • 


• • « 


« ■ • 


• • ■ 


205 


2-15 


• • • 



From age 10 to 90, there are 22 cases of coincidence. 

33 „ excess ; aggregate ^87, average + '026. 
?6 „ 4ef ect ; „ '90, average — •OSe. 



ft 



»> 



ft 



ft 
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whence A,= »5«.-10«»-5i'a+eOOAs 

2o 

ana a, ^5 

Insert these Talaes in if7=«3+-iAi + 18A9+34A3. 

Fifth Cuevb. 

tt4=«t+4A, + 6A,+4A3 
«,= 11, + 9A, + 36A, + 84^3 
tti4= tto + 14-^1 + 91-^ + 364A3 ; 

17tt,-llii4-6MH + 800A, 



whence Ai= 



and A3= 



25 

tt4-2tt9 + ll,4-200A3 



25 
Insert these values in tt7=tt4 + 3Ai + 15A2+31A3. 

Results. 

First curve, «;=— •12tto4-'84tt., + -28u,o— 7A3 
Second ,, Uj— - -OSmi + -Qette + •12ttn— 4A3 

Third „ Uj— Uj 

Fourth „ W7=+-12tf3 + -96Ms— •08m,3 + 4A3 
Fifth „ tt; = + •28tt4 + -84^9- •12mu -h 7 A3 

When these are summed for a mean curve^ A3 disappears^ and 
the formula is correct to third differences. 



Discussion. 

The PiiESLDENT (Mr. A. H. Bailey) welcomed this contribution 
from a former Fellow of the Institute, who, in its early years, made 
several contributions to the Journal, His paper on the selection of 
lives had thrown much light upon a subject which was not nearly so 
well understood then as it is now, and it was to be hoped he would 
make still other communications. 

Mr. G. W. Bebbidqe thought they were very much indebted to 
Mr. lligham for a very easy method of graduation. Many methods 
art* very complicated and take a great deal of time. As to Mr. 
Higham*8 method, as you go on you get something very near the 
nutrk ; and the n'sult of the first application of the method may be 
sufHcitMit for what vou have in hand. Mr. Woolhouse*s method, which 
18 ono of the \^9i ever published, is very laborious to work, especially 
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when the numbers run irregularly. He (Mr. Berridge) had, in one or 
two cases, tried its effect on tables, and had been considerably troubled — 
not how to use it, but so to use it as to get practically useful results. 
We all know that the mortality curve is a curve, but we none of us 
know what sort of curve it is. Any system which gives us easily 
adjusted results, and which does not tend to straighten the curve in 
any way — that is to say, has no inherent false bias — is useful. The 
comparison with the original table is a very useful way of showing 
how a table, when graduated, conforms to the original figures, and 
how far not ; but that of course is no necessary part of the method, 
and be himself thought that the method which Mr. Sprague had 
pointed out, of comparing the actual deaths produced by the un- 
graduated table, is more perfect in that respect. 

Mr. Adler could speak from practical experience of working the 
adjustment of mortality tables. Finlaison's method was simple, 
introducing merely an equation of the first degree. Mr. Woolhouse's 
method was more complex. There is an infinite number of curves 
of the third degree, which can be chosen in the vicinity of each age ; 
and be supposed that Mr. Higham's method is a mode of selecting 
the particular curve which he considers most suitable of the infinite 
number which Mr. Woolhouse offers. 

Mr. E. P. Habdy desired to express his pleasure at seeing 
Mr. Higham again taking part in the proceedings of the Institute, 
and again throwing so much light upon subjects in which they were 
all interested. Mr. Higham had produced a graduation by which no 
violence whatever had been done to the original facts, since the 
expectation of the premium income would be the same, practically, 
whether the adjusted or unadjusted results be used ; and that is as 
close an agreement as can be expected, and as close as is necessary. 

Mr. J. A. Higham, in reply to Mr. Adler's question, said the 
curve is one of many. He would not say that it is the best, but it 
is simply that which is most easily got at. The formula can be 
worked with great ease and simplicity. There are no plus or minus 
signs and no decimal points, and the figures can easily be written 
down at sight and checked by addition. 

Mr. G. F. Hardy remarked that Mr. Higham had taken Mr. 
Woolhouse's formula as the standard by which to test his own, 
which is intended to obviate the complicated processes involved in 
the usual method of applying Mr. Woolhouse's. The latter, however, 
can itself, by a new way of applying it, be worked in almost as 
little time as the single application of Mr. Higham*s formula. 
Suppose that Uq, U\, 1/2, &c., represent the functions which we have 
to graduate. The first operation is to form a column of Uq—u^, &c. 
This is done simply by differencing the first column for inteiTals of 
5 values. Call this first column a; we then repeat the process, 
forming a column of a^—a^', call this /3, and repeat the process again, 
calling the final column y . Now this last row will contain the values 
of 1/0— 3Wfl-|-3w,o— W16 corresponding to the ordinary expression for the 
third difference. This last column is summed continuously from the 
bottom to the top of the table, and the process is repeated with the 
resulting column. We shall now have our d^ column, with the 
exception that no correction has been made for the second difference. 
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This correction is at once applied, by simply taking three times the 
value of y-i (our third column) and deducting it from the last 
column; thus the result of summing our column y will be the 
expression 

Uo+ .... +«4— 2l*a-- . . . — 2t*9-|-t*io+ .... +UU' 

Summing this again, we get 

«o-l-2«i-f3i/a+4«3+5«4+3tt5+v«— 1*7— Swg— 5iig— 4«,o— 3«u 

— 2t*i8— «i3; 

subtracting from this 3y_i (that is 3i#_i— 9M4-h9f*»— 31*14), we have 

— 3w-i-fWo+2wi + 3«j + 4ws+14i/4+3Wfl+«e— ttj— 31*8— 14tf7 

~4?/,o— 3tf„— 2ttia-«i3+8tt,4, 

which is our value of dx^^, which summed gives the value of 

Zj.+e=-3w_,-2wo+3«a+7w3+21t/4+24w8-f26«8-f24«7 
-|-21t*8 + 7w9 + 3Mio-2wii-3ii,2; 

this value being divisible by 125 if we wish to keep the original radix. 
By this method, all that we have to do in order to get our final table, is 
to take the Ix colimin, to dilPerence it three times, sum those differences 
twice, deduct as a correction three times the third difference at the 
age one year younger, and we have got the dx column. Sum that 
again and we get the Ix- The whole of this process can be gone 
through in something under an hour for a mortality table. Mr. 
Woolhouse's method, as ordinarily applied, certainly requires con- 
tinuous attention ; but it will be seen that the method here described 
is one of great simplicity, and one that could be put at once into the 
hands of an assistant with simple directions to perform the successive 
steps. It has this advantage, too, that the whole of it can be 
checked at each stage by the summation of each of these columns, 
the sum of each column of differences being equal to the sum of the 
five top values of the preceding column. 



On the Graduation of Mortality Tables. By Thomas G. Ackland^ 
F.I. A., of the Gresham Life Assurance Society. 

±HE problem investigated by Mr. Higham is the discovery of 
some easy means of graduating a mortality table^ so as to obtain 
the smoothness and scientific accuracy of Mr. Woolhouse's formula 
with the facility of working of Mr. Finlaison's method. By an 
ingenious combination of two different systems of summation^ 
Mr. Higham arrives^ after three separate graduations^ at a result 
closely approximating to that of Mr. Woolhouse. I propose to 
show how the formula of Mr. Woolhouse may be accurately 
obtained by columnar summation upon the principles of Mr. 
Finlaison^s method. 

Ml"* Finlaison^s mode of graduation is to sum the original facts 
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in groups of five^ and take the mean value as the graduated result 
at the central age. The summation in fives may be repeated any 
number of times. If it be performed thrice in succession, the 
formula representing the result of the third summation for the 
central value Uq, is 

2| = 125tt'o=ti_6+3tt_5+6ii_4+10w_8 + 15ti_a + 18ti_i 

4-19t*oH-18ti+i + 15ti+a+10w+3+6M+4+3t*+5-f-w+6 • {o) 

Mr. Woolhouse's formula may be thus expressed : — 

125u'o=— 3m_7— 2tt_6+3M_4+7tt_3+21tt_2+24tt_, 

+ 25Mo+24t«+i + 2lM+2+7tt+3+3M+4— 2i*+6— 3w+7 . (J3) 

If these two expressions be compared, it will be found that 
the difference is equal to 

9(ii_a + tt_i + tto + tt+i + M+2) 

+ tt+, + tl+a + tt+3 + tt+4 + w+6 + tt+6 + «^+7) • • • (7) 

The exact results of Mr. Woolhouse's system of graduation can 
therefore be obtained, from Mr. Finlaison's thrice performed, by 
any operation which will introduce the value of the expression (7). 
This expression is equal to nine times the sum of the five values 
having Uo as their central value, less three times the sum of the 
fifteen values having Uq as their central value. Mr. Woolhouse's 
formula may therefore be thus symbolically stated in terms of 
Mr. Finlaison's method : — 

2f+9Sj-32i5. 

In practical application, this formula is very simple. I append 
a table (A) (pp. 354-5) showing the full operation for the graduation 
of the decrements of the H^ table. The second column contains the 
ungraduated values of d^ at all ages; and in columns (3), (4), and 
(5), the successive summations in groups of five are shown. The 
results of column (5), if divided by 125, would give the gi'aduated 
decrement according to Mr. Finlaison's formula (a). In the 
following columns, (6) to (10), the operation of obtaining Mr. 
Woolhouse's results is shown, the values in column (5) being 
increased by nine times the first sunmiation in fives, and diminished 
by three times the summation of the original values in fifteens. 
Finally, in column (11) the results are divided by 12*5 (or multi- 
plied by '08) in order to obtain the graduated values, the radix 
being increased to 100,000 for comparison with Mr. Woolhouse^s 
results. The summation in fifteens, column (8), is most readily 
obtained by the addition of the three appropriate values in column 
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Table (A). 










Age. 


Ungndu- ' Rret Spcoml 
ated Sum- . Sum- 
Decrement mation mation 
(Radix= in in 
10,000). Fives. Fivea. 


"niird 

Summa- 

tioQ in 

Fives. 


1 


1 


' Som- 
, mation 

in 
Fifr^ns. 


1 

1 




Ondoate 

Decremei 

(Radiz= 

lOO.OO^X 


X 


d* 


21 2« 


2» 


! 92* 


5i+92i 


ISia 


. 32i5 


21+921-32,, 


d^z 




«v 


1 ' 


1 


• 

1 
j (6) 


1 =<5)-r(6) 
i ^ 


1 '* 

1 


» 


=(7)-(») 


-=ao)-rir| 


(1) 


(2) 


' (3) . (*) 


(5) 


(55) 


(10 


ao) 


01) 


(3) 




« ■ ■ 


■ • • 


• • ■ 


• » • 


• a « 


79 


237 


- 237 


(- 19-(J 


(4) 




■ ■ ■ 


■ ■ • 


79 


• • • 


79 


1 79 


237 


- 158 


C- u4 


(5) 




■ • • 


« • • 


237 


« • • 


237 


119 


357 


- 120 


(- 9-6 


(6) 




• ■ • 


79 


514 


■ • ■ 


514 


{ 154 


462 


52 


( ^i 


(7) 




• • • 


158 


946 


... 


945 


1 194 


582 


363 




(8) 




79" 277 


1,570 


711 


2,281 


216 


648 


1,633 


( 130^ 


(9) 




79, 431 


2,174 


711 


2,885 


216 


648 


2,237 


( 179^) 


10 


*79 


119 625 


2,757 


1,071 


3,828 


257 


771 


3,057 


( 244-6) 


11 





154 683 


3,240 


1,386 


4,626 


316 


948 


3,678 


( 294-2J 


12 


40 


194 


741 


3,577 


1,746 


5,323 


384 


1,152 


4,171 


( 333-7) 


13 


35 


137 


760 


3,716 


1,233 


4,949 


440 


1,320 


3,629 


( 290-31 


14 


40 


137 


768 


3,884 


1,233 


5,117 


507 


1,521 


3,596 


( 287-7 


16 


22 


138 764 


4^148 


1,242 


5,390 


566 


1,698 


3,692 


( 295-4 


16 





162 851 


4,564 


1,458 


6,022 


639 


1,917 


4,105 


( 328-4 


17 


41 


190 


1,005 


5,133 


1,710 


6,a43 


703 


2,109 


4,734 


378-7 


18 


59 


224 


1,176 


5,835 


2,016 


7,851 


672 


2,016 


5,835 


466-8 


19 


68 


291 


1,337 


6.537 


2,619 


9,156 


736 


2,208 


6,948 


555-8 


20 


56 


309 


1,466 


7,102 


2,781 


9,883 


756 


2,268 


7,615 


609-2 


21 


67 


323 


1,553 


7,496 


2,907 


10,403 


792 


2,376 


8,027 


642-2 5 


22 


59 


319 


1,570 


7,713 


2,871 


10,584 


819 


2,467 


8,127 


650^2 { 


23 


73 


311 


1.570 


7,792 


2,799 


10,591 


871 


2.613 


7,978 


638-2 


24 


64 


308 


1,554 


7,809 


2,772 


10,581 


936 


2,808 


7,773 


621-8 


25 


48 


309 


1,545 


7,838 


2,781 


10,619 


969 


2,907 


7,712 


617t» 


26 


64 


307 


1.570 


7,909 


2,763 


10,672 


983 


2,949 


7,723 


617^ 


27 


60 


810 


1,599 


8,042 


2,790 


10,832 


991 


2,973 


7,869 


628-7 


28 


71 


336 


1,641 


8,236 


3,024 


11,260 


1,006 


3,018 


8,242 


659-41 


29 


67 


337 


1,687 


8,428 


8,033 


11,461 


1,014 


3,042 


8,419 


673-5 


30 


74 


351 


1,739 


8,623 


3,159 


11,782 


1,036 


3,108 


8,674 


693-9 i 


31 


65 


353 


1,762 


8,801 


3,177 


11,978 


1,050 


3,150 


8,828 


706-2 


32 


74 


362 


1,794 


8,970 


3,258 


12,228 


1,074 


3,222 


9,006 


720-5 * 


33 


73 


359 


1,819 


9,127 


3,231 


12,358 


1,107 


3,321 


9,037 


723-0 


34 


76 


369 


1,856 


9,314 


3,321 


12,635 


1,128 


3,384 


9,251 


740^1 


35 


71 


376 


1,896 


9,522 


3,384 


12,906 


1,155 


3,465 


9,441 


765-3 


36 


75 


390 


1,949 


9,757 


3,510 


13,267 


1,168 


3,504 


9,763 


781-0^ 


37 


81 


402 


2,002 


9,990 


3,618 


13,608 


1,194 


3,582 


10,026 


802-r 


38 


87 


412 


2,054 


10,211 


3,708 


13,919 


1,217 


8,651 


10,268 


821*4 


39 


88 


422 


2,089 


10,413 


3,798 


14,211 


1,248 


8,744 


10,467 


837-4 


40 


81 


428 


2,117 


10,597 


3,852 


14,449 


1,281 


8,843 


10,606 


848-5 


41 


85 


425 


2,161 


10,778 


3,825 


14,603 


1,314 


3,942 


10,661 


852^ 


42 


87 


430 


2,186 


10,998 


3,870 


14,868 


1,351 


4,053 


10,815 


865-2 


43 


84 


446 


2,235 


11,279 


4,014 


15,293 


1,400 


4,200 


11,093 


887-4 


44 


93 


457 


2,309 


11,622 


4,113 


15,735 


1,449 


4,347 


11,388 


911*0 


45 


97 


477 


2,398 


12,043 


4,293 


16,336 


1,488 


4,464 


11,872 


949-S 


46 


96 


499 


2,494 


12,521 


4,491 


17,012 


1,520 


4,560 


12,452 


996^ 


47 


107 


519 


2,607 


13,022 


4,671 


17,693 


1,561 


4,683 


13,010 


1,040-8 


48 


106 


542 


2,713 


13,527 


4,878 


18,405 


1,633 


4,899 


13,506 


1,080-5 


49 


113 


570 


2,810 


14,039 


5,130 


19,169 


1,698 


5,094 


14,075 


1,1261> 


50 


120 


583 


2,903 


14,539 


5,247 


19,786 


1,763 


5,289 


14,497 


1,159^ 


51 


124 


596 


3,006 


15,053 


5,364 


20,417 


1,835 


5,605 


14,912 


1,1930 


52 


120 


612 


3,107 


15,614 


5,508 


21,122 


1,895 


5,685 


15,437 


1,235-0 


53 


119 


645 


8,227 


16,234 


5,805 


22,039 


1,982 


5,946 


16,093 


1,2874 


54 


129 


671 
16,769 


3,371 


16,901 


6,039 


22,940 


2,072 


6,216 


16,724 


1^7-9 




3,338 


84,004 


420,770 


150,921 


571,691 


51,033 


153,099 


419,107 


33,487-4 
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T^BLE (A) — (continued). 



1 

Age, 


Ungradn- 

ated 
Decrement 


Flnt 
Sum- 
mation 


Becond 
Sum- 
mation 


Third 
Summa- 
tion in 






Sum- 
mation 
in 






Graduated 

Decrement 

(Radix= 




(Kaaiz= 
10,000). 


in 
Fives. 


in 
Fives. 


Fives. 






Fifteens. 






100.000). 


1 


rfx 


2J 

(3) 


2! 


n 


921 


2f+92J 
=(5)+(6) 


:SiB 


32i8 


2« +921-32,, 
=(7)-(9) 


-(10)^12-5 


(1) 


(2) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


00) 


01) 


Forward 


3^38 


16,769 


84,004 


420,770 


150.921 


571,691 


51.033 


153,099 


419,107 


33,487-4 


55 


153 


703 


3,528 


17,627 


6,327 


23,954 


2,156 


6,468 


17,486 


1,398-9 


56 


150 


740 


3,673 


18,400 


6,660 


25,060 


2,250 


6,750 


18,310 


1,464-8 


57 


162 


764 


3,833 


19.203 


6,876 


26,079 


2,343 


7,029 


19,050 


1,5240 


58 


156 


795 


4,000 


20,057 


7,155 


27,212 


2,438 


7,314 


19,898 


1,591-8 


59 


153 


831 


4,174 


20,964 


7,479 


28,443 


2,534 


7,602 


20,841 


1,667-3 


60 


184 


870 


4,377 


21,912 


7,830 


29,742 


2,634 


7,902 


21,840 


1,747-2 


61 


186 


914 


4,580 


22,884 


8,226 


31,110 


2.752 


8,256 


22,854 


1,828-3 


62 


191 


967 


4,781 


23,866 


8,703 


32,569 


2,869 


8,607 


23,962 


1,9170 


63 


200 


998 


4,972 


24,816 


8,982 


33,798 


2,929 


8,787 


25,011 


2,000-9 


64 


206 


1,032 


5,156 


25,701 


9.288 


34,989 


3,001 


9,003 


25,986 


2,078-9 


65 


215 


1,061 


5,327 


26,491 


9,549 


36,040 


8,117 


9,351 


26,689 


2,135-1 


ee 


220 


1,098 


5,465 


27,215 


9,882 


37.097 


3,204 


9,612 


27,485 


2,198-8 


67 


220 


1,138 


5,571 


27,849 


10,242 


38,091 


3,351 


10,053 


28,038 


2,243-0 


68 


237 


1,136 


5,696 


28,420 


10,224 


38,644 


3,408 


10,224 


28,420 


2,273-6 


69 


246 


1,138 


5,790 


28,991 


10,242 


39,233 


3,467 


10,401 


28,832 


2,306-6 


70 


213 


1,186 


5,898 


29,615 


10,674 


40,289 


3,500 


10,500 


29,789 


2,383-1 


71 


222 


1,192 


6,036 


30,181 


10,728 


40,909 


3,526 


10,578 


30,331 


2,426-5 


72 


268 


1,246 


6.195 


30,597 


11,214 


41,811 


3,539 


10,617 


31,194 


2,495-5 


73 


243 


1,274 


6,262 


31,014 


11,466 


42,480 


3,620 


10,560 


31,920 


2,553-6 


74 


300 


1,297 


6,306 


31,029 


11,673 


42,702 


3,491 


10,473 


32,229 


2,578-3 


75 


241 


1,253 


6,215 


30,6-44 


11,277 


41,921 


3,444 


10,332 


31,589 


2,527-1 


76 


245 


1,23(5 


6,051 


29,944 


11,124 


41,068 


3,379 


10,137 


30,931 


2,474-5 


77 


224 


1,155 


5,810 


29,015 


10,395 


89,410 


3,252 


9,756 


29,654 


2,372-3 


78 


226 


1,110 


5,562 


27,673 


9,990 


37,663 


3,156 


9,468 


28,195 


2,255-6 


79 


219 


1,056 


5,277 


26,257 


9,504 


35,761 


3,026 


9,078 


26,683 


2,134-6 


80 


196 


1,005 


4,973 


24,699 


9,045 


33,744 


2,830 


8,490 


25,254 


2,020-3 


81 


191 


951 


4,635 


22,956 


8,559 


31,515 


2,661 


7,983 


23,532 


1,882-6 


82 


173 


851 


4,252 


21,021 


7,659 


28,680 


2,397 


7.191 


21,489 


1,719-1 


83 


172 


772 


3,819 


18,930 


6,948 


25,878 


2,190 


6,570 


19,308 


1,544-6 


8i 


119 


673 


3,342 


16,713 


6,057 


22,770 


1,981 


6,943 


16,827 


1.346-2 


85 


117 


572 


2,882 


14,458 


5,148 


19,606 


1,793 


5,879 


14,227 


1,138-2 


86 


92 


474 


2,418 


12,280 


4,266 


16,546 


1,596 


4,788 


11,758 


940-6 


87 


72 


391 


1,997 


10,276 


3,519 


13,795 


1,377 


4,131 


9,664 


773-1 


88 


74 


308 


1,641 


8,476 


2,772 


11,248 


1,186 


3,558 


7,690 


615-2 


89 


36 


252 


1,338 


6,938 


2,268 


9,206 


1,005 


8,015 


6,191 


495-3 


90 


34 


216 


1,082 


5,649 


1,944 


7,593 


832 


2,496 


5,097 


407-8 


91 


36 


171 


880 


4,544 


1,539 


6,083 


660 


1,980 


4,103 


328-2 


, 92 


36 


135 


708 


3,586 


1,215 


4,801 


541 


1,623 


3,178 


254-2 


93 


29 


106 


536 


2,764 


954 


3,718 


424 


1,272 


2,446 


195-7 


94 





80 


380 


2,048 


720 


2,768 


332 


996 


1,772 


141-8 


95 


5 


44 


260 


1,424 


396 


1,820 


260 


780 


1,040 


83-2 


96 


10 


15 


164 


928 


135 


1,063 


186 


558 


505 


40-4 


97 


* ■ ■ 


15 


84 


678 


135 


708 


150 


450 


258 


20-6 


98 


■ « ■ 


10 


40 


323 


90 


413 


116 


848 


65 


5-2 


99 


• • • 


• ■ • 


25 


159 


• • • 


159 


80 


240 


-81 


-6-5 


100 


• • ■ 


■ ■ « 


10 


75 


• • • 


75 


44 


132 


-57 


-4-5 


101 


• • • 


... 


■ • ■ 


35 


• • * 


35 


15 


45 


-10 


- -8 


102 


• ■ • 


* • • 


• ■ ■ 


10 


... 


10 


15 


45 


-35 


-2-8 


103 


• ■ • 


• » • 


■ ■ • 


• • ■ 


• • a 


• •• 


10 


30 


-30 


-2-4 




10,000 


50,OCO 


250,000 


1,250,000 


450,000 


1,700,000 


150,000 


450,000 


1,250,000 


100,000- 
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(3) ; thus the value of Sx5 for central age 18 would be equal to 
the sum of the values of X^ at central ages 13^ 18^ 23; and this 
operation can be further facilitated by the use of a card so perforated 
as to show only the three values required. The total of each column 
is a complete check upon the accuracy of the work step by step.* 

It will be found that the values from age 17 inclusive to the 
end of the table^ agree closely with Mr. Woolhouse's results as 
printed in the Institute tables. Deviations at certain ages, between 
these limits, arise from further adjustment of individual values 
performed by Mr. Woolhouse for the purpose of eliminating acci- 
dental irregularities ; but the final column of the table here given 
expresses in every case (after age 16) the exact numerical result of 
Mr. Woolhouse's formula. 

The values in column (11) at ages 3 to 16 inclusive, are worked 
out on the assumption that the ungraduated values of d^ at ages 
earlier than 10 are equal to 0. This assumption, which holds good 
at the end of the table, is not applicable at its commencement ; and 
the values in column (11) at ages before 17 do not therefore cor- 
rectly express the graduated decrement, but are inserted only to 
render complete the operations of summation and verification. I 
find, however, that these imperfect values at the early ages may be 
employed to obtain graduated results which appear to be practically 
good. The operation, which is perfectly simple, and is shown in 
the following table (B), consists in folding back, so to speak, the 

Table (B). 



Age. 


Valubb or Column (11), 
Table (A). 


8am of 


Mr. Woolhoose's 


Asea 10 to 16. 


Ages (3) to (9), 
in reverse order. 


Columns (2) 
and (8). 


Graduated 
Decrements. 


(1) 

10 
11 
12 
13 
14 
15 
16 


(2) 

244*6 
294*2 
333-7 
290-3 
287-7 
295*4 
328*4 


(8) 

179-0 

130-6 

29*0 

4-2 

- 9*6 

-12*6 

-19*0 


(4) 

423-6 
424-8 
362-7 
294-5 
278*1 
282-8 
309*4 


(5) 

490 
397 
329 
288 
272 
282 
318 


2,375*9 


2,376 



* The relation between Mr. Finlaifion's and Mr. Woolhouse's methods may be 
readily seen by a comparison of columns (5) and (10) of Table (A). It will be 
found that there is a close agreement between ages 20 and 70, and that from age 
70 to 84 Mr. Finlaison's gr^uated decrement is much lower, while after age 84 
it is much higher, than Mr. Woolhouse's. 
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overlapping values in column (11), at ages earlier than 10, upon 
the values from age 10 to 16, and the sum of the values thus 
brought together gives the graduated result. The adjusted decre- 
ments obtained by Mr. Woolhouse at the same ages are given in 
column (5) for purposes of comparison. The sum of the adjusted 
values at ages 10 to 16 agrees by the two methods ; — an essential 
condition, in order that the sum of the adjusted decrements at 
all ages may make up the value of the radix (100,000). 

This process of obtaining the adjusted values at ages 10 to 16 
is not entirely empirical ; and a short explanation of the rationale 
of the method may here be given. The analysis of each of the 
graduated values of Table (A), from d\s) to rf'ie inclusive, is shown 
in the following table (C), the graduated decrements {d') being 

Table (C). 



Graduated 






Unobaduatsd Dbcbemintb. 






Total 

of 
Coeffi. 
cients. 


Decrement 


c^io 


dw 

• • • 














as in 
Table (A), 
col. (10). 


di2 


rfis 


• • • 


du 


■ • ■ 


rfl7 


d^ 


^9 
.. . 


d^ 


d^ 


d^ 

• • • 


<i» 


t 


-3 


1 
• • • • • ■ 




- 3 


^\*) 


-2 


-3 


• « • • • ■ 


• • • 


















• • ■ 




- 5 


^(6) 





-2 


-3 ... 


■ « • 


















■ • • 




- 5 


^'m 


3 





-2-3 


• • • 












• •• 


••• 






' 


- 2 


rf'(7) 


7 


3 


0,-2 


-3 


















■ • • 




5 


rf'(8) 


21 


7 


3 


-2 


-3 








... 








• • ■ 




26 


<*'<») 


24 


21 


l\ 3 

1 





-2 


-3 


■ ■ * • • • 

t 


... 






■ ■ • 




60 


rf'io 


25 


24 


21 


7 3 





-2 


-3 


■ • a 


> ■ • 


• ■ • 


• • • 




■ • • 


76 


rf'u 


24 


25 


24 


21 7 


3 





-2 


-3 


• ■ ■ 


* * ■ 


• ■ • 




• a • 


99 


du 


21 


24 


25 


24 21 


7 


3 





-2 


-3 


■ ■ • 


« ■ • 




• • ■ 


120 


d'v, 


7 


21 


24 


25 24 


21 


7 


3 





-2 


-3 


■ B • 


• ■ B ' • • ■ 


127 


dfu 


3 


7 


21 


24; 25 


24 


21 


7 


3 





-2 


-3 


» ■ • B • • 


130 


d'u 





3 


7 


21 24 


25 


24 


21 


7 


3 





-2 


-3 


■ B • 


130 


1 <^'ie 

1 


-2 





3 


7 


21 


24 


25 


24 


21 


7 


3 





-2 


-3 


128 



expressed on the horizontal lines of the table in terms of the 
ungraduated values {d) set forth along the top of the table. Re- 
ferring now to the numerical coefScients contained in the full 
formula (/8), it will be seen from this table that the graduated 
values at the ages therein included do not in any case contain the 
complete expression of the formula (/3), the most extended value 
{d\^ having only 14 of the 15 terms contained in the full expression. 
But it will be further seen that, as regards the numerical coefficients 
only, the values of d' may be so taken in pairs as to include the 
complete expression in every case. Thus the several values 

rf 10, rfii, d ny d IS, rf 14, rf 16, rf le, 
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may be respectively made up to the complete expression (/8), as 
regards the coefficients, by the addition of 

d(9), d\s), d'(j), rf'(6), d'(p), d\4), rf'(3). 
Thus, for example, we have 

125rf'io = 25rfio + 24rfn + 21rfi« + 7rf,3 + 3rf,4 + Orfis -2rfis- 8^,7 , 
l25d\9)=24dio + 21du + 7rfi, + 3rf,3-|-0rfu-2rfi5-8i,« ; 

and in the sum of these two expressions is included the whole of 
the coefficients of the full formula ()8). Summing, then, in pairs 
according to the following scheme, we obtain in every case a com- 
plete expression, including 125 ungraduated values (the sum of the 
coefficients being 125) : — 

d io^» lo + o (») 
d'\\ = d'u + d\s) 
d i2=d iaH-rf(7) 

d I9=d i9 + rf<6) 

d^\6=d\i-^d\4) 

d 16=^ 16 + <^ (3) 

The following table (D), obtained by summing the values of 
Table (C) in pairs as indicated above, shows the exact construction 
of the graduated values finally obtained : — 

Table (D). 



GraduAted 








Ungraduated Decrememtb. 


Total 


Decrement 
(Fimil 










of , 


























Coeffi- 


Value). 


dio 


^11 
45 


dii 
28 


^13 
10 


du 
3 


di, 
-2 


di9 
-6 


di7 
-3 


^18 

■ ■ • 


rfi9 dzo 


dti 

• • • 


cfaa d„ 

1 


cients. 


d"io 


49 


• • • 


... 


• ■ ■ • » • 


125 


d"n 


45 


32 


27 


21 


5 








-2 


-3 


... 


1 
.■• •■■ ... |I.. 


125 


d"ia 


28 


27 


25 


22 


18 


7 


3 





-2 


-3 


1 
... 1 . . ■ 


• • ■ • • ■ 


125 


d"i3 


10 


21 


22 


22 


24 


21 


7 


3 





-2 


— 3 ! ... 


> • • • • • 


125 


d"u 


3 


5 


18 


21 


25 


24 


21 


7 


3 





-2'-3 1 


125 


d\. 


-2 





7 


21 


24 


25 


24 


21 


7 


3 


0-2 


-3 ... 


125 


d'\. 


-5 





3 


7 


21 


24 


25 


24 


21 


7 3 


-2-3 


126 



The distribution of the ungraduated values at these early 
ages is not, in all cases, perfectly satisfactory; but the spirit of 
Mr. Woolhouse's formula is, on the whole, well maintained, and 
the simple operation here suggested may perhaps be found to give 
results sufficiently near for all practical purposes. It will be re- 
membered that Mr. Woolhouse obtains the initial values of his table 
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by constant third differences derived from the valaes at older ages, 
but entirely independent of the ungraduated values at ages 10 to 16; 
and Mr. Higham has adopted a similar plan to obtain his initial 
and terminal values. 



A Method of Solving approximately Questions in Compound 
Interest, without the aid of Tables. By Marcus N. Adler, 
M.A., Fellow of University College, London, ^c. 

[Bead before the Institute, 24 April 1882.] 

(1 -I- 1)* being the amount of 1 put out at compound interest for 
X years, it follows, solving for x, that the number of years in 

which 1 will amount to m is , ,t . -x ; which is — ~— mul- 

loga(l+tV t 

tiplied by (1 + a very convergent series, the sum of which is 

nearly half the rate of interest). Moreover, 1 becomes m^ in 

^1 — TT — ^ years. Let m be 2: loff<,2 being 'GQSl, we deduce 

l0ge{l+l) ^ B O ^ 

at once that money doubles itself at 2 per-cent in y^ or 35 years, 
and becomes 2^ or 4 times its original value in twice 35 years, 
2' or 8 in thrice 35 years, and so on. For every additional 
3 per-cent, it will be necessary to add 1 to 70 and to divide by 
the interest, in order to find the time in which money will double. 
Thus, at 8 per-cent, £1 will become £2 in 72 -f 8 or 9 years, £4i 
in twice 9 or 18 years, and so on. 

Similarly, 1 becomes 1} in '23 : i years nearly, 

1 „ li in -4 : i 
1 „ If in -56 :t 

The figures given above, "23, '4, '56, and '7, form a sequence 
which is easily remembered. K this and the ordinary formulas 
of compound interest be remembered, any question can be solved 
with fair exactness after a little practice. 

Example 1. — ^What is the amount of £15 in 89 years at 3 
per-cent ? j becomes 2 in y or 23 J years, 

1 „ 2« or 4 in 46|. „ 

1 „ 2^ or 8 in 70 „ 

As 1 also becomes 1} in ^^, say 19 years, we have at once that £1 
in 70 + 19 or 89 years becomes £8 x If =£14. Therefore £15 
becomes £210, the true result being £208. 5s, 

2 B 2 
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Example 2. — ^What is the present value of j61,000 payable 
80 years hence at 5 per-cent ? 1 becomes 2* or 32 in 5 x y years, 
and also 1^ as much in ^ ^^ ^ years more. 1 becomes therefore 
48 in 79 years, and 50 in 80 years. The present value of i61,000 
in 80 years is found at once by dividing i£l,000 by 50, which is 
j620 — the correct answer being j620. 35. 

Example 3. — ^What will an annuity of £10 accumulate to in 
78 years at 3 per-cent ? Following the rule, we have to deduct 
from the accumulations of £\ in 78 years 1, and to divide by the 
rate of interest. Now, 1 becomes 2* or 8 in 70 years, and 10 in 

70+ y or 78 years, ^ =800, so that the accumulations of 

£10 per annum amount to £8,000 — ^the true answer being £3,010. 
Example 4. — What sinking fund will be required to pay off 
£10,000 at 8 per-cent in 50 years? 1 becomes 2* or 32 in 
5 X y years, that is, in 45 years, and in *^ or 5 years more, that 
is, in 50 years, 32 will become half as much again, namely, 48. 
The reciprocal of the accumulations of the annuity gives the 

sinking fund, — aaZTx — ' ^^ £17, the correct result being 

£17. 8*. 7d. If we wish to find the annuity for 50 years which 
£10,000 will purchase at 8 per-cent, we have simply to add one 
year's interest, £800, to the sinking fund, £17, making £817. 
This gives the annuity for 50 years which £10,000 will purchase 
at 8 per-cent. 

In this manner all ordinary questions in compound interest 
may be solved with ease. 



I 



The Cost of Life Assurance, 

[Abridged and adapted from the RevietcJ] 

N 1874, two officials of the Board of Trade issued a report 
containing a table of the proportion of expenses to premiums, in 
the case of each life assurance company transacting business in 
this country; but this report was not continued in subsequent 
years. A similar table of expense-rates was published annually 
for a time in the Insurance Register, This latter table was also 
discontinued, the editor stating that unfair and unjust conclusions 
had been drawn from it in regard to companies of the highest 
respectability, and that it was evident no comparative statement of 
the kind could fairly be published without supplying, at the same 
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time^ copious explanatory notes. Some persons have gone so far 
as to say that the publication of mere ratios of expenses to income 
is^ by itself^ an invidious and absolutely unreliable test. Others^ 
however, have expressed great regret at the discontinuance by the 
Board of Trade of the publication of an official analysis of insurance 
companies^ accounts ; alleging that the only objection to such an 
analysis was that it told the truth about some companies in so 
plain a manner as to be unpleasant to them. 

Those who have carefully studied the accounts of the various 
companies have probably noticed that an expenditure much below 
the average rate is frequently to be accounted for by one or more 
of the following causes : — 

1. The premium income being larger than the average amounts, 
and the fixed charges of management, apart from commission, 
representing less than the average rate. 

2. The company being Mutual, and material help in extending 
the business being obtained gratuitously from the policyholders. 
In a small class of offices, remarkable results have been attained 
without the aid of agents or payment of commission. 

3. A separate branch, such as Fire business, being worked 
under the same management, thus lightening the expenses falling 
on the Life business. 

4. The company being one of the London Legal offices and 
its policies being for large amounts, and, in many cases, being in 
connection with loans, thus not requiring expendittire in advertizing 
or canvassing. 

5. No new business being transacted. 

6. The new business being much below the average amount 
for a company of the income shown. 

The opposite causes to those given above have of course the 
contrary effect, and tend to increase the expenditure beyond the 
average rate. 

In the following tables the companies have been divided, as 
far as possible, into classes, so as to ascertain how much weight 
ought on the average to be attached to the several main causes of 
increase or diminution in the expense-rates. Other minor causes, 
not capable of being so easily classified, may affect the expenses 
of individual companies; but none of these minor causes can 
materially affect the average expense- rates brought out for any of 
the classes in the tables. 

In Table I the figures relating to 95 life offices are summarized 
in 9 groups, which are arranged according to the magnitude of the 
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premium incomes of the companies. As some of these companies 
do not publish the amount of their new premiums^ the second 
table^ which is based on the amount of the new premiums, relates 
only to 75 of the companies ; and in Table I the names of those 
offices which are not included in Table II are printed in italics. 

Table II gives two separate estimates of the expense-rates, 
allocating the same between renewal premiums and new premiums, 
in accordance with the suggestions contained in Mr. Deuchar^s 
paper of Oct. 1874 (see J. LA,, xviii, 323). Method A consists 
in assuming that 7\ per-cent (which nearly represents the average 
cost of management of companies transacting no new business) is 
the actual cost of managing the old business, and that any excess 
beyond that rate is applicable to the new premiums. This method 
is applicable to the circumstances of many companies, and is very 
useful for comparison in all cases j but in the case of very small 
companies it is open to the objection that the 7\ per-cent allotted 
for managing the old business is insufficient. There is also the 
further objection, that in a good many instances the rate of expense 
brought out as applicable to the new premiums, is equal to more 
than 100 per-cent, while it might fairly be contended that, if the 
expenses and risk of first year (including risk of deterioration as 
well as risk of death) be in excess of the total amount of new 
premiums, such excess ought to be charged on renewals. 
Method B, which is not open to the objections above-named, 
consists in assuming that the limit of total expenditure in respect 
of new business shall be two-thirds of the new premiums ; that 
the remaining one-third, equal to £1 per-cent on the sum assured, 
is required to meet the risk of death or deterioration of the life 
during the first year {see Mr. Sprague's table of first year's risk, 
J.LA,, xxii, 419, January 1881, taking 39 as the average age at 
entry); and that any expenditure beyond two-thirds of the new 
premiums shall be held as applicable to the renewal premiums. 

In this table the companies are arranged according to their 
class, and (as far as practicable) to the amount of income. In 
some classes the numbers were too small to admit of subdivision 
according to the amount of each company's income. In the case 
of companies transacting also fire, marine, or industrial business, 
such a classification would have served no purpose, as in such 
cases it is generally the relative amount of the life income to the 
total income, rather than the absolute amount of the former, which 
afiects the rate. 
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Tablb II. 



Class of CompaaiM. 



L MUTITAL COHFANIBS EKFLOT- 

ING Ko Agents and patiko 

NO COHMIBBIOy . 

Total, Class I (Four Offices) . 

II. Mutual Comfaitieb em- 
FLOTiNG Agents: — 

Premiam Incomes under 
£100,000 

Total, Subdivision 1 (Six Off.) 



Premium Incomes between 
£100,000 and £200,000 . ' 



Total, Subdivision 2 (Five Off.) 



Premium Incomes above 
£200,000 



Total, Subdivision 3 (Six Off.) 
Total, Class II (Seventeen Off.) 

III. London Legal Lite Of- 
fices (Pbopbietart) 

Total, Class III (Four Offices) . 



IV. Pbofbibtaby Companies 

HAVING A BBPABATB IN- 
COME FBOM FiBB, MaBINE, 

OB Indubtbial Pbemiums, 
more than twice the amount 
OF theib Life Pbemium 
Incomb .... 



^ 



Total, Class IV (Twelve Offices) 



t 

a 

o 



8 

17 

82 
35 



19 
21 
36 
37 

48 
68 



2 
24 
41 
46 
52 



13 
38 
54 
57 
60 
65 



18 
26 
28 
34 



1 
10 
23 
25 
30 
39 
40 
46 
47 
50 
53 
55 



Total 
Premittm 
Income. 



£ 

206,274 
147,638 
310,930 
151,794 



816,636 



87,282 
61,108 
81,170 
69,125 
81,404 
15,159 



Expenaes 
(inclading 

Com- 
miasion). 



395,248 



107,870 
139,505 
154,688 
100,551 
182,744 



685,858 



227,491 
324,994 
217,118 
359,793 
600,776 
235,988 



1,966,160 



3,046.766 



129,083 

247,786 

137,348 

76,613 



590.730 



100,295 

99,469 

114,041 

62,633 

229,043 

319,646 

156,662 

107,535 

57.199 

247,194 

15,307 

29,338 



1,538.362 



£ 

10,748 
8,307 

13,052 
8,169 



40,276 



9,122 
15,467 

9,854 

8,504 
18,285 

6.612 



67,844 



22,073 
11,872 
19,980 
18,738 
20,227 



New 
Pre- 
miums 
(esti- 
mated). 



£ 

9,351 
5,550 
9,737 
8,124 



32,762 



6,734 
2,910 
3,302 
4.293 
10,224 
3,006 



30,469 



87.89(^ 



8,288 
6,805 
7,915 
7,611 
11,416 



41,035 



22,959 
26,989 
26,030 
36.957 
66,864 
28,667 



208,466 



364,200 



8,200 
11,682 
14,542 
31,411 
34,548 
14,501 



114,787 



186,291 



12,630 13,710 

19,491 11,216 

16,212 8,780 

8,227 4,752 



56,560 38,458 



12,016 9,268 
13,975 9,790 
15,240 7,499 
6,936 7,541 
22,904; 10,189 
38,291 27,661 



15,666 

12,305 

8,182 

24,897 

1.429 

3.749 



9,872 
15,527 

7,064 
12,976 

2.382 

5,211 



175,590124,980 



Bates peb-cbmt or Ezfcsbss. 



Ordinsiy 
Method. 



On Total 
Premiums. 



5-2 
6-6 
4-2 

5-4 



4-9 



10-6 
25-3 
121 
12-3 
22-6 
43*6 



17-2 



20-5 
8-6 
12-9 
13-7 
111 



12-8 



10-1 
8-3 
120 
10-3 
111 
12-2 



10-6 



120 



9-8 

7-9 

11-8 

10-8 



9-6 

12-0 
141 
13-4 
111 
10-0 
120 
10-0 
11-4 
14-3 
10-1 
9-3 
12-8 



Method A. 



Method B. 



On New 
Premiums, 
in addition 

to 7J per- 
cent of the 

Renewal 
Premiums. 



On Renewal 

Premiumjt. 

in addition 
to two- 
thirds of 
the New 

Premiums. 



00 
00 
0-0 
00 



0-0 



45-8 
381-5 
121-6 

84-8 
126-6 
189-6 



132-9 



176-2 
31-8 

118-4 
88-9 
64-6 



96-4 



79-4 
801 
74-6 
89*2 
70-6 
831 



eo-6 



80-3 



290 
15-6 
74-8 
59-9 



11-4 



39-4 

560 
74-0 
96-7 
37-2 
63-7 
59-3 
47-2 
28-3 
62-6 
56-5 
19-3 
37-2 



55-7 



2-3 
3-2 
2*2 
1-9 



2-4 



5-7 

23-2 

9-8 

8-7 

161 

37-9 



130 



16-6 
6-0 

10-0 
9-8 
7-4 



9-4 



8-0 
61 
81 
4-9 
7-7 
8-6 



7-1 



8-4 



30 
51 
8-1 
7-0 



5-6 



6-4 
8-8 
9-6 
3o 
7-4 
68 
6-2 
21 
6-9 
6-9 
0-0 
11 



6-5 



' I 
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Table II — (continued). 





X 

I 

1 

6 

3 
"^ 

5 
20 
27 
31 
58 
59 
64 
70 

4 
6 
15 
43 
51 
56 

• • • 

33 
42 
61 
67 
69 
71 

• ■ • 

3 
7 
9 
11 
14 
16 
44 
49 
66 

12 
22 
29 
62 
63 

a 
b 
c 
d 

• • ■ 


Total 
Premium 
Income. 

£ 

67,167 
104.952 

68.760 
156.198 
129,470 
266,205 

98,566 

98.044 


Expenses 
(including 

Com- 
mission). 


New 
Pre- 
miums 
(esU. 
mated). 


Rarn PEa-CEirr or Expenses. 


' 


Ordinaiy 
Method. 


Method A. 


Method B. 


Class of Companies. 


On Total 
Premiums. 


On New 
Premiums, 
in addition 
to 7i per- 
cent of the 

Renewal 
Premiums. 


On Renewal 
Premiums, 
in addition 
to two- 
thirds of 
the New 
Premiums. 

Ill 

14-4 

7-8 

8-0 

11-1 

11-9 

9-4 

10-0 


V. PBOPBISTABT COMPAiriES 
HATiya A SEP ABATE IN- 
COME FROM FiBE, MaBINE, 
OB lyDUSTBIAL PbBMIUMS, •> 
less than twice the amount 
OF THEiB Life Pbemium 

Income .... 

1.. 


£ 

11,349 
22,699 

9,096 
16,226 
19.106 
41,8->6 
13,375 
12,960 

146.666 


£ 
7,107 

14,471 
6.385 
6.395 
8,550 

18,429 
7,240 
5,492 

74,069 


16-9 
21-6 
13-2 
10-4 
14-8 
16-7 
13-6 
13-2 


96-3 
1100 

69-2 

780 
117-4 
126-2 

901 
109-6 


Total, CIjus Y (Eight Offices) . 


989,362 


14-8 


105-3 

197-8 
153-4 
2680 
349*4 
128-2 
94-8 


10-6 


VI. Obdinabt Life Assubakce ( 
Companies (Pbofbie- 
tabt) not bblonging to 
ant of thb fobegoing ' 
Classes : — 
Prem. Incomes under £40,000 


17,743 
2,228 
13,865 
36,885 
31,409 
8,231 


11,395 
2,77(i 
4,815 
9,515 
8,041 
3.449 


5,289 
1,788 
1,449 
1,974 
4,709 
3,243 


64-2 
124-6 
34-7 
25-8 
25-6 
41-9 


63-2 
860-0 
31-0 
23-5 
18-4 
23-8 

301 


Total, Subdivision 1 (Six Off.) 


110,361 


39,991 

19,156 
10,73- 
10,833 
6,015 
8,169 
11,096 

66,001 


18,452 


36-2 


179-4 


r 

Premium Incomes £40,000 to 
£100,000 


59,388 
88,376 
71,409 
52,014 
46,245 
42,501 


10,144 
6,949 
6,070 
3,186 
3,404 
4,689 


82-3 
121 
15-2 
11-6 
17-7 
261 


152-4 
66-6 

115-5 
73-9 

146-6 

176-2 


25-2 
7-5 

11-2 
80 

13-8 

21-1 


TotaU Subdivision 2 (Six Off.) 


359,933 


33,442 


18-3 


1241 


13-4 


r 

Premium Incomes £100,000 
to £200,000 . 


132,955 
138,866 
182,226 
137,226 
171,013 
129.072 
185,604 
134,879 
117,725 

1.329,566 

241,536 
446,993 
329,683 
572,409 
207,632 


33,584 
19,314 
20,195 
18,556 
23.909 
20,571 
28,535 
14,156 
12,957 

191,777 


12,109 

9,351 

7,826 

8,236 

14,194 

12,988 

14,118 

6,541 

4,058 

89,421 


25-3 
13-9 
111 
13-5 
140 
15-9 
15-4 
10-5 
111 


202-5 
102-7 

90-9 
107-8 

85-6 

91-4 
111-0 

69-3 
109-2 


21-1 
10-1 

8-6 
10-1 

9-2 
10-3 
11-2 

7-6 

9-0 


Total, Subdivision 3 (Nine Off.) 


14-4 


110-5 


10-7 


Preiiiiuiii Incoiues above 
£200,000 


28,634 
115,019 
48.430 
82,56(' 
35,109 

304,752 

602,521 


5,400 
52,810 
20.851 
34,033 
20.281 


9-8 
25-7 
14-7 
14-4 
16-9 


109-7 
161-8 
121-2 
123-7 
103-3 


8-5 ' 
20-2 
11-2 
111 
11-5 1 


Totah Subdivision t (Five Off.) 


1,798,253 


133,375 


16-9 
16-7 


134-9 


12-9 


Total, Class VI (26 Offices) . 


3,598,113 


274,690 


128-6 


12-6 


VII. Transact no New Busi- ) 

NE3a . . . . ) 

s. 


23,186 

135,621 

2,189 

33 


2.797 

8,560 

271 

10(1 


Ml. 

f» 


120 

6-3 

12i 

3030 


• • • 

• • • 


120 ' 
6-3 
12-4 
303-0 

7-3 


Total, Class VII (Four Offices) 


101,02i) 


11.728 


A//. 


7-3 




Oband Total (75 Offices) 


10,740,998 


1,397,561 


731,250 


130 


91-2 


91 
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No information on the subject of new business being giyen 
in the accounts printed by the Board of Trade^ the amounts of new 
assurances were obtained by collating the new business given in the 
Review Almanac for 1881, with that given in the Post Magazine 
Almanac and in White's Insurance Register for the same year. 
The Net new business, after deducting reinsurances, being rarely 
obtainable, it was found necessary, for the sake of uniformity, to 
use the Gross new assurances in all cases ; and for a similar reason 
it was found advisable to treat the new premiums as at the uniform 
rate of three per-cent on the amount of new assurances. When the 
new premiums alone are given, the new assurances were approxi- 
mated therefrom. 

Owing to these circumstances the percentages brought out 
must be regarded merely as approximations. 



HOME AND FOREIGN INTELLIGENCE. 



THE COLONIAL MUTUAL LIFE ASSURANCE SOCIETY. 

LIMITED. 

Mrst Quinquennial Investigation, as at 31 March 1879. 
EXTRACT FROM THE REPORT OF THE DIRECTORS. 

The active prosecution of the business of the Society was com- 
menced in June 1874. 

The constitution of the Society is based upon the principle of 
federation of the colonies. The Articles of Association provide that 
the local afEairs of each colony shall be administered by a Local Board 
of Directors, the whole business being reported to the principal Office, 
while the members of each Board of Directors form collectively the 
General Committee of Management. The business of the Society is 
now conducted at six offices, in the principal colonies of Australia, 
being in effect six separate life assurance offices blended into one by 
a common interest and general management, with a branch in the 
colony of Fiji, which is an adjunct to the Melbourne office, and has 
been successful. In connection with these offices there are no less 
than 546 agencies. 

During the period under review, there have been issued 9,085 
policies. The business offered to the Directors was considerably 
larger, over 14,000 proposals having been made. A large part of 
these were absolutely declined on account of the lives being below 
the high standard of vitality fixed by the Society, others were 
surcharged for various reasons and objected to paying the extra 
premium, and therefore did not complete. Others were allowed to 
withdraw their proposals or themselves did not proceed further; 
many being in progress towards completion at the date under review. 
The results, so far, fully justify the vigilance exercised in the selection 
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of lives by the various Boards, and promise a favourable effect upon 
the mortality experience of the future. 

The progress of the business is shown in the following table : — . 



Tear ending 
31 March. 


1 
New Policies. 


Premium 
Revenue. 


1 

Invested 
Funds. 

1 


Number. 


Assuring. 


1876 
1876 
1877 
1878 
1879 


457 
1,203 
2,132 
2,388 
2,905 


£ 

119,654 
313,167 
564,912 
633,033 
770,300 
and £204 per ann. 


£ 
8,406 
10,692 
19,775 
22,833 
28,250 


£ 

2,864 

7,892 

16,989 

34,823 

63,628 



The average age at entrance of the lives assured was about 84^ 
years, and the average amount of each assurance policy was about 
£264 ; the largest amount retained at risk of the Society in any one 
instance being £1000. 

The policies discontinued have been as follows : — 

Policies. Assuring. 

By Maturity at Death .... 69 . £20,028 

By Surrender ... . 81 . 23,990 

By Default in paying Premiums . . 1,733 . 508,532 

Total 1,883 . £552,550 

The expected mortality was about 89 lives, insured for about 
£28,994. 

The policies in force on 31 March 1879, numbered 7,202, and 
are as follows : — 

Policies. Assuring. 

Life and Endowment ABsurance . . 6,972 . £1,812,666 
Endowments 226 . 35,850 

Annuities 4 . For £204 per ann. 

Total 7,202 . £1,848,516 

Included in the above were 139 policies in abeyance at the end 
of the fifth year, the validity of which was maintained by the 
existence of a surrender value at the date of default of payment of 
premium, and which value on 31 March 1879, was not absorbed 
by effluxion of time, thus securing in favour of the representatives 
of policyholders the payment of the amount assured^ in event of 
death occurring before such surrender value had been completely 
absorbed. But for this provision in the Articles of Association of 
this Society, any claim on its funds, in respect of a policy not renewed 
within one month after the premium became due, would have been 
terminated by such defatdt. 

This principle is now adopted by several other offices in the 
colonies with various differences in details. The benefits of the 
lystem have been practically exemplified in this Society by several 
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death payments for claims arising within the period covered by the 
surrender value. The practical adoption in Australia of this liberal 
concession to assurants may be regarded as an epoch in life assurance 
history. 

The following is the special Report on the Valuation, made 
to the Directors by Mr. T. B. Sprague and Mr. G. King : — 

1. We beg leave to report as follows on the results of the first 
quinquennial investigation into the affairs of your Society made as 
at 31 March 1879 :— 

2. We observe that the valuation has been made by your actuary, 
Mr. Robert Thomson, strictly upon the principles laid down in our 
report of 11 March 1879;* also, that you specially retained the 
services of Mr. Robert M*Caskie, the actuary of another oflSce in 
Melbourne, to check the calculations, and that he reports that the 
formulas given in our report have been properly applied and acted 
upon ; also, that he has examined the valuations from day to day as 
the work proceeded, and satisfied himself from working numerous 
valuations taken indiscriminately, that the valuation is correct. 

3. We have, hovrever, had the opportunity given us of satisfying 
ourselves independently on these points ; for we have received sheets 
containing classified lists of all the policies issued, given in sufficient 
detail to enable us to verify the calculations ; and we have accordingly 
made such an examination of these as was sufficient to satisfy us of 
the substantial accuracy of the arithmetical work. 

4. We take this opportunity of expressing our opinion that the 
manner in which the valuation has been conducted, and its results 
laid before us, is very creditable to your actuarial staff. 

5. We will proceed now to consider the various points brought 
specially under our notice in Mr. Martin's letter of the 23rd of 
January last. One of the most important of these is thus stated : — 

" The question is, whether we are entitled to add to the 
" assets, or otherwise bring into the valuation as a credit, the 
" present value of that which may be considered an annuity, 
" namely, the extra charge made upon half-yearly or quarterly 
" premiums in excess of the aliquot part of an annual premium." 

* Mr. Thomson says, in his report : — The leading features of the canon laid 
down hy these gentlemen were (1) the adoption oi four per-cent per annum 
interest in all the valuations; (2) the use of the tahles published under the 
auspices of the Institute of Actuaries, known in the profession as the H^ (or 
healthy males) tables (now regarded as a standard by the profession), throughout : 
— except (3) in case of endow^nients, mostly to children on arriving at majority, 
and present annuities, chiefly on the lives of persons far advanced in years. In 
respect of these the use of the Carlisle Table was recommended, and it has 
accordingly been applied; (4) that no risk of the Society should be taken to 
account as an asset. This cannot arise when a valuation is made on sound 
principles. Although methods have occasionally been adopted by some offices 
bringing out such results, they are quite indefensible, inasmuch as they introduce 
negative values, the effect of which is to exhibit results less or more illusory as 
to the present position of an office, and therefore tending to future disappointment, 
and, to some degri^e, to injustice between member and member; (5) that a small 
portion of the future loading may be attached for the pqualization of the heavy 
initial expenses as compared with the lighter ones of future years. 
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And this, it appears from the documents submitted to us, is a question 
upon which some difference of opinion exists. After careful con- 
sideration, we feel no hesitation in stating that it would not be right 
to take credit for the present value of this extra charge. There is 
no question that, when premiums are payable half-yearly or quarterly, 
the pure premium (as well as the office premium) is increased, the 
pure half-yearly premium being greater than half the yearly premium, 
and the pure quarterly premium greater than half of the half-yearly ; 
and under one aspect it is no doubt correct to use these increased 
pure premiums in the valuation. When this is done, however, the 
pure premiums must be multiplied by a somewhat smaller annuity 
than when the yearly premium is valued, and the eflfect of thus 
increasing the premium and reducing the annuity is to leave the 
value of the pure premiums almost unaltered. This view of the 
subject is confirmed by the fact that the members paying half-yearly 
and quarterly premiums are entitled at any time to have them 
changed to the yearly rate of premium corresponding to their age 
at entry. 

6. Intebest. — We are pleased to observe that the funds of yonr 
Society are now rapidly going into investment, aud that, therefore, 
a higher average rate of interest may confidently be reckoned upon 
in the future than has hitherto been realized. We are nevertheless 
of opinion that ifc would not be wise to use a higher rate of interest 
than 4a per-cent in the general valuation of the society's liabilities. 
If, as is probable, a higher rate of interest is hereafter realized for 
many years to come, the excess beyond the 4 per-cent on which the 
valuation is based, will fall into the divisible profit, as realized from 
time to time, and will, in future years, become a most important 
source of profit, from which your members may expect to derive 
considerable bonuses. 

7. We observe that you request our opinion as to whether a 
higher rate of interest might not properly be used in valuing the 
immediate annuities, the foundation policies, and the endowments. 
The last of these classes has been specially treated, the whole of the 
premiums received having been reserved to meet the liability under 
the policies ; and, from the nature of the contract, we do not think 
a smaller reserve than this should be made. The liability of the 
society would, therefore, not be altered if the endowments were 
valued (say) at 5 per-cent instead of 4. The immediate annuities 
and the foundation policies stand upon a different footing. We 
understand that they were granted at the outset at exceptionally 
low rates, in order to provide the capital necessary to start the 
Society. Under these circumstances, it would be more logically 
consistent to value them at the same rate of interest at which the 
premiums for them were calculated; and, under the circumstances, 
we should be quite prepared to follow this course if it were necessary, 
in order to prevent the estimated liability of the Society under its 
contracts exceeding its assets. This, however, is very far from being 
the case. Furthermore, an examination of the valuation schedules 
has satisfied us that the reduction of the estimated liability consequent 
upon valuing these classes of policies at high rates of interest, would 
be comparatively small ; and we are of opinion that the Society will 
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stand better before the public if it uses throughout the whole of the 
calculations the same rate of interest which we believe is generally 
adopted by its rivals in the colonies. 

8. The valuation balance-sheet shows a surplus of £6,844, and 
from our examination of the schedules, we are satisfied that this is 
a genuine surplus, which might, with perfect safety, be divided 
among the members. Bearing in mind the fact that the principles 
of valuation acted upon are such as to effectually prevent the intro- 
duction of any negative policy- values, so that in no instance has a 
policy been reckoned as an asset in the valuation, we consider the above 
result to be one on which the members of the Society may fairly be 
congratulated. Having regard to the large expense which has been 
incurred in building up a large and extensive business, and bearing 
in mind that the special circumstances of the Society have hitherto 
prevented it from investing the greater part of its funds at remu- 
nerative rates of interest, it would not at all have surprized us if the 
first valuation had shown no surplus at all. 

9. The position of the Society in these respects is now greatly 
altered for the better. If, as appears to be the case, the greater 
part of the policies obtained at so much expense are permanentlv 
kept in force, the pressure of the expenditure upon the resources will 
rapidly become less, while the income of the Society, from interest 
upon its invested funds, will correspondingly increase. 

10. Under these circumstances, the members may hopefully look 
forward to the result of the next investigation into the Society's 
affairs. For the present, however, we recommend that no division 
of surplus be made. It will, in our opinion, be more advantageous 
for the Society that the present surplus be retained in hand as an 
additional provision for unforeseen contingencies. If not required 
for that purpose, -it will, at the next valuation, be available for 
division among the members; and it should then, we consider, be 
exclusively appropriated to those of the existing members whose 
policies shall then still remain in force. 

The following resolution was passed at the general meeting of 
the Society, held on 81 May 1880 :— 

*' That the surplus of £6,844. 9«. 11^. shall be dealt with in 
'^ the manner suggested in the report of Messrs. Sprague 
*' and King, with the addition that the executors or 
" administrators of the persons who were members of the 
'* Society on 31st March 1879, and who shall die before 
'* the 31st day of March 1884, shall then be entitled to 
'* participate in such division." 

From the returns made under '^ The Victorian Life Assurance 
Companies' Act 1878'', we extract the following particulars : — 

Whole-Life and Endowment-Assurance policies secured by pre- 
mium payable until maturity have, as far as practicable, been valued 
in gfoups. All others have been individually valued. 

The principles upon which Valuations and Distributions of Profits 
among the members are made, are laid down and determined in the 
Articles of Association of the Society. 
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The Tables of Mortality known as the H^, have been used 
throughout, except in the case of Endowments and Present Annuities, 
which have been valued by the Carlisle Table of Mortality. 

The rate of interest used in the calculations has been 4 per-cent 
per annum throughout the whole valuation. 

The portion of the premium revenue of the Society reserved for 
future expenses and profits varies according to the special features of 
each of the several classes into which the business is subdivided ; but 
it is 24*23 per-cent on the net or pure premiums. The total value 
of such reserve on the present occasion is £188,881. 8s, 7d. 

No policy which has not entered on its second year of existence is 
entitled to share in profits. 

COKSOLIPATED REVENUE ACCOUNT from the beginning of the 

Society to 31 March 1879. 

Amount of Funds at the beginning of the Society Nil. 

I^miums (Reassurance Premiums being deducted) . 147,710 7 11 

Consideration for Annuities granted .... 1,626 8 

Interest 4^336 8 

Other Receipts 1,531 18 9 

£155,205 2 8 

Claims under Policies (after deduction of Sums 

Reassured) 20,028 10 

Surrenders (Reassured Policies deducted) . . 513 8 7 

Annuities 700 6 8 

Commission and Brokerage 26,649. 6 6 

Expenses of Management 41.693 16 1 

Other Payments 1,992 7 11 

Amount of Funds on 31 March 1879 .... 63,628 1 6 

£155,205 2 8 

Balance Sheet as on 31 March 1879. 

LIABILITIES. £ , ^ 

Assurance Fund 63,628 1 6 

Claims admitted but not matured .... 1,500 
Other sums owing by the Society .... 229 

£65,357 1 6 

ASSETS. £ , ^ 

Cash on Deposit 13,650 

Cash on Current Account and in hand 6,028 19 7 

Loans on Mortgage 23,736 1 8 

Leasehold Pro^y 4>118 2 6 

Loans on Policies within Surrender Value . . . 614 16 8 

Loans on Personal and other Security . . 8,733 8 7 

Agents' Baknces 393 10 1 

Outstanding Premiums 4,579 10 5 

Interest accrued but not yet payable .... 842 15 10 

Interest outstanding 125 18 7 

Office Property 2,536 8 

£65,857 1 6 
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Annual Premiums for Assurance of £100, with participation in 
profits J payable within one calendar month after proof of death. 



Age next 
Birthday. 


Class A. 


Class B. 


Age next 
Birthday. 


Class A. 


Glass B. 




£ «. d. 


£ s, d. 




£ s. d. 


£ «. d. 


20 


1 16 4 


1 16 10 


40 


3 9 


2 17 6 


1 


1 16 11 


1 16 3 


1 


3 2 9 


2 19 6 


2 


1 17 7 


1 16 8 


2 


3 4 9 


3 13 


3 


1 18 3 


1 17 1 


3 


3 6 10 


3 3 


4 


1 18 11 


1 17 7 


4 


3 8 11 


3 4 10 


26 


1 19 7 


1 18 1 


45 


3 11 1 


3 7 1 


6 


2 6 


1 18 8 


6 


3 13 6 


3 9 6 


7 


2 14 


1 19 4 


7 


3 16 


3 12 1 


8 


2 2 4 


2 2 


8 


3 18 11 


3 14 11 


9 


2 3 6 


2 12 


9 


4 2 3 


3 18 1 


80 


2 4 8 


2 2 5 


50 


4 6 2 


4 17 


1 


2 6 11 


2 3 7 


1 


4 10 4 


4 5 3 


2 


2 7 3 


2 4 10 


2 


4 14 9 


4 9 1 


3 


2 8 8 


2 6 1 


3 


4 19 6 


4 13 2 


4 


2 10 2 


2 7 6 


4 


6 4 6 


4 17 6 


35 


2 11 9 


2 8 10 


65 


6 9 9 


5 2 


6 


2 13 4 


2 10 4 


6 


5 16 5 


5 6 8 


7 


2 16 6 


2 11 11 


7 


6 16 


5 11 5 


8 


2 17 1 


2 13 8 


8 


6 8 1 


6 16 4 


9 


2 18 8 


2 16 6 


9 


6 16 3 


6 16 








60 


7 3 3 


6 6 9 



Class A — provides for immediate participation in profits at each periodical 
inyestigation, in respect of every policy of more than 05b year's dnration. 

Class B— does not entitle the assured or his representatives to any participation 
in the periodically vested surplus until after the premiums received, with interest 
at 4 per-oent per annum, actually amount to the sum originally assured hy the 
policy. 

The average rate of interest at which the life assurance fund of 
the company was invested at the close of each year during the period 
since the last investigation : — 

31 March 1876 .... £2*41 per-cent per annum. 
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1876 
1877 
1878 
1879 



£3*62 
£4*43 
£5-31 
£6-23 
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n 



ft 
»> 



»> 



tt 



If 



» 



(It is stated in the report that the average upon the funds 

actually invested is 6*96 per-cent^ and that the low rate in the 

earlier years has been caused by the decentralization of the 

Society^s funds^ and the difficulties of massing them together for 

investment^ after providing a local fond at each colonial centre.) 

The Society does not publish any table of Surrender Values. 
But Article 66 provides as follows : — 

'' Persons on whose policies a complete year's premium at 
" least has been paid may surrender the same to the Society, 
'* receiving therefor such consideration as the actuary may 
" determine, according to principles laid down by the Board.'* 
VOL. XXIII. 2 c 
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PRELIMINABY EXAMINATION, 1882. 

E:paminers.--n. W. Mamlt, Ew}.; A. F. BusBlpaB, Ew}.; W. T. Gbat, Etq.; 

and W. Vavohak, Eiq. 

I. 

1. How should the following accounts be dosed? 

1. Merchandize. 

2. Cash. 

3. Profit and Loss. 

4. Petty Expenses. 

2. A policy assuring the sum of £10,000 at the death of the life 
assured, on payment of an annual premium for the whole of life of 
£800, is bought for £1,000, the next annual premium being just due. 
If the purchaser reckons to obtain 5 per-cent interest on his invest- 
ment, and the life assured dies at the end of the second year, what 
Journal Entries would he have to make in res^^ect of the transaction, 
(1) at the time of purchase, (2) at the close of the first year, and (3) 
at the close of the second year ? 

3. State and prove the rule for converting a recurring decimal 

into a vulgar fraction ; and for example use '137. 

4. Eeduce 2 weeks, 3 days, 4 hours, 5 minutes, and 6 seconds, to 
the decimal of a month of 28 days. 

6. Solve the equations — 

(a) s/a— y^i 
x+2 



08) 



x-l 




6. Two Agents, A and 6, introduce, at an average premium of 
Is, 6d. per-cent. Fire insurances, on which the commission amounts 
to £12. 16s. B introduces £10 more premium than A ; but, if he 
had introduced the amount A introduced, he would have received 
£7. 4«., while A would have received £4. 12s, for what B introduced. 
Find the Sum Assured introduced by each, and the rate of commission 
which they each received. 

7. The page of a book has a margin of ^th of its breadth down 
each side, and of -J-th of its length along the top and bottom. The 
total area of these 4 margins is 22 1^ square inches, while the outer 
perimeter is 7 inches more than the inner perimeter. Find the 
dimensions of the page. 

8. Prove that if any number of Arithmetical Progressions be 
written one under another, and the vertical columns of first terms, 
second terms, third terms, &c., so formed, be added, the totals will 
also form an Arithmetical Progression. 

9. Define a g^metric series; and show how to find the sum of 
any number of terms of such a series. 
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10. Sumtonterms ^-1^ + ^ + ^ + &o. 

11. In a Geometrical Progression, the product of the sum of the 
13th, 14th, and 15th terms, by the sum of the 10th, 11th, and 12th, 
is 392, and the quotient is 8 : find the first term. 

12. Write down the expression for the number of combinations 
that can be formed out of m things by always taking r together ; and 
find how many things must be taken together that the number of 
combinations may be the greatest possible. 

II. 

13. A system of signalling at sea is arranged by the use of 
rockets of seven different colours, each signal being produced by 
firing 4 different coloured rockets in succession. How many signals 
can be given P 

14. At a Board Meeting of 12 Directors, the Chairman having 
taken his place, in how many different ways can the other Directors 
be arranged at the table ? 

15. Write down the (r-fl)th term in the expansion of 

1 

i^iTx' 

16. Write down the expansion of (a-f ft)**, where n is any number, 
whole or fractional, and determine for what values of a, ft, and n, the 
expansion is 1.2— 2.3+3.4— 4.5 + 5.6— &c. 

17. Define the logarithm of a number, and state why Briggs's 
(or the common) system is more convenient for numerical compu- 
tations than any other. 

18. Write down the series for log<.(l + a:), and calculate by means 
of it the logarithm of 11 to the ordinary decimal base, 10. (The 
modulus of the common system is '43429448.) 

19. Having given log 2 =-301030, solve the equations — 

- — =32 

4* 

2*=128y 

20. Express ^^Ux in terms of Ux and succeeding values. 

21. The series whose general term is represented by the formula 

«jj=2'"'"* gives tt<,=A^t/o=A*«/o=^^<*o= =2. If to simplify 

calculation the third differences are assumed constant, what corrected 
formula represents the general term? Compare this coiTected 
formula with the original one, and show that, on the assumption of 
any order of differences being constant in an exponential series, .the 
method of finite differences is inadmissible as a means of obtaining 
any but the earlier terms. 

22. Given log 101=0043214, 

„ 103 =0128372, 
„ 105=0211893, 
„ 109= 0374265. 
Find log 107. 

2 c 2 
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23. Two bojs, the first of whom has one penny and the second 
two, arrange to toss for pennies till one of them has nothing left. 
Calculate the probability for each boy of his winning the other one's 
money, and the value of each one's prospects. 

24. A speaks truth 2 out of 3 times, and B 3 out of 4. What 
is the probability of the truth of a fact which (1) they both assert ; 
(2) A asserts and B denies ; (3) A reports having heard from B. 

25. The proprietor of a gambling booth at a fair throws a pair of 
dice, after first betting level bets against the number thrown being 
below 7, level bets against the number thrown being above 7, and 
4 : 1 against exactly 7 ; what percentages of profit does he charge 
his customers P 



INTERMEDIATE EXAMINATION, 1882. 

Sxamineri. — G. W. Bbrbidgr. Esq. ; T. G. Ackland, Esq. ; and J. H. 

Duncan, Esq. 

I. 

1. Explain the symbols ct^^, ^^.wy ^ys|« • 

2. Find the values of n^i^ and n-^^Ty • 

3. Given the present value, at rate of interest i, of an annuity 
of 1 deferred (^ years. Investigate a formula to find n, the number 
of years it has to run. 

4. Express the rate of mortality at age x in terms of the force 
of mortality at age (^4-^)' 

5. A community propose to establish pensions for such of their 
number as attain a certain age, to be provided by equal annual 
subscriptions payable up to that age. How would you proceed to 
find the amount of such subscriptions ? 

6. Describe the construction of the M column by a continuous 
method. 

7. Give a verbal explanation of the formulas 

|hAx=»(1 + U-i^ar) — |n«x 
Ax^ = V — d\n-iax. 

8. Find the probability that of two lives, (x) and (y), (x) shaU 
die in the nth year, and the other, (y), be alive at the moment of 
(«)'s death. 

9. Show how to find the single premium for an assurance 
payable on the death of B, aged y, provided he die after A, aged x, 
and before C, aged z . If the premium is to be paid annually imtil 
the risk determines, by what annuity would you divide the single 
premium ? 

10. Explain how you would construct tables of the values of 

Ox and A;r • 

11. State a formula for the net annual premium for an assurance 
on a life (or), commencing with 1 and decreasing "05 every year until 
its extinction at the end of 20 years ; the premium being also reduced 
by Vd^^ o^ ^^B original amount each year. 

12. How would you proceed to obtain the value of a reversionary 
annuity to a after b , in the case where the two lives are now resident 
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in India, but a has the intention of living in England after the 
death of 5 P 

II. 

13. Prove that 

l + ex=qx+PxO- + qx+0+iPa:(l + qx+5d+ • • • • 

14. An annuity-certain of £729 is granted for 25 years, the 
rate of interest assumed being 6 per-cent. Calculate the value 
of such annuity. Given log2=-30103, log3=*477l2, log7=-84610, 
log 2952=3-47012, log 2953=347026. 

15. Show that the probability of a life (j?) dying before a life 
(y), may be expressed by the formula 

2(D,y) 

where (D), (N), denote the values of D, N, when the rate of 
interest =0. 

16. Describe any two of the commonly used Tables of Mortality, 
naming the sources from which they were drawn, their advantages, 
weakness, and applicability. 

17. Given the values of Ix for every fifth age of life, show how 
you would proceed to deduce an approximate value of Tx at the same 
ages. 

18. Given only the D and N columns, show how to deduce all 
the others from them. 

19. Show clearly into what the component parts of an annuity- 
certain may be divided, and give a means of determining how much 
of each payment goes to repay the capital originally invested. If 
the rate of interest at which that part of each payment which goes 
to repay capital is invested, is different from the rate of interest 
received on the original investment, how will the answer to the above 
question be affected P 

20. Explain how a table of the values of Endowment Assurances 
Ajr») may be made use of to find the values of temporary assurances \nAx • 

21. How would you proceed if required to vaJue a contingent 
assurance (a sum payable if A die in B's lifetime, secured by an 
annual premium) by a table other than one like the Carlisle, for 
which the values of AJ^ have been tabulated P 

22. The common rule for finding the value of an annuity payable 
half-yearly or quarterly is to add -^^ or f to the value when payable 
yearly. What is the amount of the error P 

23. Investigate a formula (1) for an annuity payable until the death 

of the last survivor of x and y , the payments being reduced to — of their 

ti 

former amount at the first death. (2) For an annuity until the 

death of the last survivor of x and y , the payments being reduced to 

m 

— of their former amount in the event of x dying before y . 

24. In a Society consisting of n members, 1 is payable at the 
death of each member, by the survivors. Find an expression for the 
present value, approximately, of the future payments. 
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25. Draw up a form of endorsement, changing an ordinary policy 
for the whole of life into a paid-up policy for a smaller amount, and 
dealing with the question of bonuses. 



FINAL EXAMINATION, 1882. 

Examinert.—T. G. C. BsowVB, Esq. ; T. E. Youya, Esq. ; and T. H. 

Cooke, Esq. 

I. 

1. Describe briefly the methods you would adopt to determine the 
rate of mortality when the materials for obtaining it are derived — 

(1) From the Registers of an Assurance Company. 

(2) Prom the Populations enumerated at two Censuses, and 

the deaths registered at different ages for each inter- 
mediate year. 

2. Describe the graphical method of graduation, and state its 
merits and defects as compared with those of Woolhouse, Makeham, 
and the Method of Differences. Which would you prefer, and on 
what grounds, for the graduation of the experience of a Life Office ? 

3. Discuss the merits of the yarious tables that might be used in 
the valuation of an Annuity business. 

4. State how you would ascertain the addition to be made to the 
Reserve in respect (1) of claims being payable immediately on proof 
of title ; and (2) the unequal distribution of the premium income 
throughout the year. 

5. It has been determined, in the case of a Mutual Assurance 
Company which has become insolvent, to settle a scheme for the 
reduction of the contracts, in place of winding up the business. 
Upon what basis would you, as the Actuary consulted, make the 
necessary valuation to determine the reductions to be made, and what 
points should be specially dealt with in your report to the members ? 

6. On what data does the Act of 1870 require Policies in an 
insolvent Office to be valued ? Have you any objection to urge to 
the Table of Mortality, and on what ground ? 

7. The surplus in a life fund is ascertained annually by valuation. 
Explain how jou would check the surplus thus ascertained by an 
independent analytical method exhibiting the several sources whence 
it is derived. 

8. Describe Mr. Sheppard Homans's method of distributing the 
surplus of a Life Office. 

9. Some offices give a lower rate of Reversionary Bonus to En- 
dowment Assurance Policies than to ordinary Whole-Life Assurances. 
In deciding the relations between the rates of Bonus, what points 
should be considered ? 

10. Describe the chief methods in use for distributing surplus, 
and express your opinion upon their suitability for adoption in Mixed 
and Mutual Offices. 

11. Describe the course that should be ptirsued in carrying out 
the following transactions : — 

(IJ A loan upon bills. 

(2) A loan on the Stock Exchange from account to account. 
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12. State the various methods proposed for the valuation of the 
Stock Exchange securities of a Life Office. Give the reasons for and 
against each method : and what appears to you to he the most correct 
principle of valuation. 

II. 

13. What was the intention, and what has heen the effect, of the 
change introduced in 1844 in the form of accounts of the Bank of 
England P 

14. Discuss the question of the hi-metallic standard in relation to 
the essential function of monej. 

15. Specify the chief differences between the Married Women's 
Policies of Assurance (Scotland) Act, 1880, and the provisions 
relating to Life Assurance in the Married Women's Property Act, 
1870. 

16. What is the legal position of the Mortgagee of a base-fee 
upon its falling into possession ? 

17. Explain the position and rights of Joint Tenants and Tenants 
in Common. Who are always made Joint Tenants, and why V 

18. It is required to fix the single premium for an assurance to 
be paid on A, aged 60 (whose present wife, aged 58, is alive and in 
good health), having issue which shall attain the age of 21. How 
would you estimate the maximum limit of the premium ? 

19. An assurance is payable in the event of the survivor of two 
lives, A and 13, predeceasing C. A goes to India. Explain how you 
would assess the premium for foreign residence. 

20. A, aged 26 last birthday, is entitled to a reversionary life 
interest in an estate producing £10,000 a year on the death of his 
father, aged 52, subject to a jointure of £2,400 a year to A's mother, 
aged 45, for the remainder of her life after her husband's death. 
The estate is further charged with the payment of portions, amount- 
ing to £40,000, to the younger children, bearing interest at 4 
per-cent from the death of A's father untU payment. What sum 
should be given for A's reversionary life interest, the purchaser to 
make 6 per-cent while the interest is in reversion, and 5 per-cent 
while in possession ? 

21. A, aged 25, is tenant in tail of an estate after the death of 
his uncle (a widower aged 60), without issue. Give an expression 
for the annual reversionary charge per £100 of advance, providing 
for the policies being made world-wide. 

22. A (60) and £ (40) have successive life interests in a sum of 
£10,000 Consols, over which they have a power of appointment 
which they can only jointly exercise. They now determine to 
exercise this power and divide the fund. Give in symbols their 
respective shares, and state the table of mortality and rate of interest 
you would employ. 

23. A is absolutely entitled, on the death of B aged 65, to a trust 
fund invested as follows : — £1,000 Consols ; £1,100 Great Western 
Railway 5 per-cent Preference Stock ; well-secured freehold ground- 
rents, yielding £100 a year, the leases having 80 years to run ; a 
leasi'hold house, let at £75 a year, held under a lease having 50 years 
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to run, at a ground-rent of £10. State bow you would estimate the 
yalue of the various securities in valuing A's interest for sale. 

24. How, in jour opinion, should the Income-Tax be assessed on 
the profits of Life Insurance Companies (Mutual and Proprietary) ? 

25. If you were called upon to audit the accounts of a Life 
Insurance Company, state briefly how you would proceed, and to 
what points you would give special atten^on. 



PROCEEDINGS OP THE INSTITUTE.— Session 1881-2. 

First OrcUnwry Meeting^ 28 November 1881. 

The President in the Chair. 
The following gentlemen were elected members of the Institute : — 

FeUows. 
Elderton, F. F. | Puckle, Henry John. 

ABSociaies. 

Beddall, Charles. 

Bell, Frederick. 

Fisher, Frederick. 

Hamilton, Andrew. 

Hose, Frederick Edward Arthm*. 

Molyneux, Arthur Ernest. 



Nash, Oscar. 
Oakley, Walter. 
Purves, Thomas Peter. 
Basher, Edward Arthur. 
Stuart, John Moody. 
Tilt, Robert Ruthven. 



The President delivered an Inaugural Address. Mr. D. J. McG. McEenzie 
then read a paper on " The Transformation of Annuities and Annuity-Values 
payable yearly, into the like when payable in Fractional Intervals of a Year, 
by means of Constant Factors ; with Specimens of Tables computed for this 
purpose, and Examples of their application." 

The following gentlemen took part in the discussion: — The President, 
Messrs. Ackland, Berridge, Gray, G. King, and Walford. 



Second Ordmami Meeting^ 2 Jamio/ry 1882. 

The President in the Chair. 
The following gentlemen were elected Associates of the Institute : — 
Milner, John William. | Pease, Arthur Henry. 

Mr. W. J. H. Whittall then read a paper on " The Rates of Fatal Acci- 
dents in various Occupations." 

The following gentlemen took part in the discussion: — The President, 
Messrs. Adler, Humphreys, Neison, and Walford. 



Third Ordincmj Meeting, 80 Jawua/ry 1882. 

The President in the Chair. 
The following gentleman was elected an Associate of the Institute : — 

Day, Christian Richard Tyler. 

Mr. H. W. Manly read a paper on ''A certain Method of Distribuling 
the Surplus among the Assured, and the Construction of an Equitable Sode 
of Office Premiums with reference thereto"; and the following gentlemen 
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took part in the subsequent discussion: — The President, Messrs. Baden, 
Crisford, R. P. Hardy, Justican, GL King, Searle, and Sorley, 



Fourth OrdincNry Meeting, 27 Februoflry 1882. 

The President in the Chair. 
The following gentlemen were elected Associates of the Institute : — 



Burke, David. 

Fowler, William Henry. 



Goldman, Leopold. 
Perks, Sydney. 



Mr. G. King read a paper ** On the Valuation of Policies subject to Half- 
yearly and Quarterly Pi^miums", being an Extract from a Joint Beport by 
Messrs. T. B. Sprague and G. King. 

Mr. G. F. Hardy read a paper " On the Bate of Interest in Annuities- 
Certain", and another on "An Improved Method of Approximating to the 
Value of Annuities involving Three Lives." 

The following gentlemen took part in the discussion on these papers : — 
The President, Messrs. Ackland, Bumsted, Chisholm, Gordon, R. r. Hardy, 
Byan, and Sutton. 

F^ Ordinary Meeting, 27 March 1882. 
The President in the Chair. 

The following gentleman was elected an Associate of the Institute : — 

Colquhoun, Robert Douglas. 

Mr. A. F. Burridge read a paper on " The Rates of Mortality in Victoriat 
and on the Construction of Moitality Tables from Census Returns by the 
Graphical Method of Graduation"; and the following gentlemen took part 
in toe discussion : — The President, Messrs. R. P. Hardy, G. King, Martin, 
and Walford, and Dr. Symes Thompson (a visitor). 



Sixth Ordmcmj Meeting, 24 April 1882. 
The President in the Chair. 

Mr. C. D. Higham read a naper by Mr. J. A. Higham, on " The Adjust- 
ment of Mortality Tables ", ana Mr. M. N. Adler " Some Notes on Compound 
Interest." The following gentlemen took part in the discussion : — The 
President, Messrs. Berridge, K. P. Hardy, and G. F. Hardy. 



The Thirty-third Armmt General Meeting, 3 June 1882. 
The President (Mr. A. H. Bailey) in the Chair. 

Mr. G. Humphreys (Hon. Sec.) read the circular convening the meeting, 
the minutes of the ordinary meeting held in April, which were signed as 
correct by the President, and the following Report of the Council and 
Statement of Accounts : — 

" In meeting the members of the Institute at the close of another session, 
the Council have to report that the number of members on 31 March 1882 
was 352, as against 365 at the corresponding period of 1881. 

" Twenty-one new members have been elected during the year, and 24 
removed from the list by death or resignation. 

** The accounts, which have been duly audited, show that the income of 
the Year was £955. 18«., the expenditure £826. 6«. lOe^., and that the funds 
of the Institute now amount to £3,298. Os, *!d. It may be noticed that the 
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expenditure includes an item of £134. ISs. on account of the printing of the 
Text-book. 

" The ordinary meetings of the Institute have been well attended. At 
the first meeting of the session, the President (Mr. A. H. Bailey) delivered 
an inaugural address. The following pai)erB have been read and the subjects 
discussed during the session : — 

"First — *0n the Transformation of Annuities and Annuity -Values 
payable yearly, into the like when payable in Fractional Intervals 
of a Year, by means of Constant Factors, with Specimens of 
Tables computed for this purpose, and Examples of their appli- 
cation * — by Mr. D. J. McG. McKenzie. 

" Second — * On the Bates of Fatal Accidents in various Occupations * 
—by Mr. W. J. H. Whittall. 

"Third — *0n a Certain Method of Distributing a Surplus among 
the Assured, and the Construction of an Equitable Scale of Office 
Premiums with reference thereto' — by Mr. H. W. Manly. 

" Fourth — ' On the Valuation of Policies subject to Half-yearly and 
Quarterly Premiums' (being an extract from a joint report of 
Messrs. T. B. Sprague and G. King). 

" JFtfth — *0n the Rate of Interest in Annuities-Certain' — bv Mr. 
G.F.Hardy. 

" Sixth — * On an Improved Method of Approximating to the Values 
of Annuities involving Three Lives ' — by Mr. G. F. Hardy. 

" Seventh — * On the Bates of Mortality in Victoria, and on the Con- 
struction of Mortality Tables from Census Betums by the 
Graphical Method of Graduation ' — by Mr. A. F. Burridge. 

"Eighth — *0n the Adjustment of Mortality Tables' — by Mr. J. A. 
Highara. 

" Ninth — * Notes on Compound Interest ' — by Mr. M. N. Adler. 

" The Council have to express their regret that, owing to the increase of 
official duties, Mr. Wm. Sutton has been compelled to resign the editorship 
of Part II. of the Text-book ; but at the same time they have the satisfaction 
to announce that Mr. George King, who succeeded Mr. W. Sutton as lecturer 
to the students preparing for the intermediate examinations, has consented 
to undertake the completion of the work. 

" The Council have aiTanged for a continuation of the classes during the 
next session. The subjects treated are those for students preparing for the 
preliminary and intermediate examinations. The usual notice of the com- 
mencement of the classes will be given. 

" The reports of the examiners for the examinations of the Institute, held 
on 29 and 30 April last, give as the result : — 



" PBBLIMINABY EXAMINATION. 



"Fourteen gentlemen presented themselves, one withdrew, and seven 
passed in the following order of merit : — 



1.— F. E. A. Hose, ^ ^ 

J.M.Stuart, ]^' 
3.— J. W. Milner. 
4.— W. P. Pulley. 



5.— W. Oakley, 1 1^^ 
E. A. Busher, ) ^^• 
7.— F. M. T. Byers. 



" INTEEMEDIATB EXAMINATION. 



"Nine gentlemen presented themselves, of whom five passed, in the 
following oraer of merit : — 



1. — H. Ansell. 
2. — A. Carter. 



5.-— F. M. Ashton. 



3.— B. A. Berry. 
4.— S. Day. 
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FINAL EXAMINATION. 



" Nine gentlemen presented themselves, and of these five passed, in the 
following Older of merit : — 



1. — H. J. Botherv, 7 t? 
G. H.Byan, ) *'^- 



3. — A. W. Sunderland. 
4. — J. Graham. 



5. — E. A. Colquhoun. 
[Statement of Accounts, p, 884.] 

The adoption of the Report, and of the Accounts for the year, having 
been proposed by the President and seconded by Mr. G. OutclifEe, was 
agreed to nnanimonslv. 

The following list was declared to constitute the President, Vice- 
Presidents, Council, and Officers, for the ensuing year : — 

FresidenL 

9 

Thomas Bond Sfsagub, M.A. 
Yic^ Presidents, 



Mabcus N. Adleb, M.A. 
Geobob Wm. Bebbidgb. 



Chablbs John Bunyon, M.A. 
Ralph Pbice Habdy. 



GowncU, 



Mabcus N. Adlbb, M.A. 

Abthitb H. Bailey. 

Gboboe William Bebbidge. 

Chablbs John Bunyon, M.A. 

Hbnby Cockbuen. 
*Geobge Stephen Cbisfobd. 

Fbane a. Cubtis. 

Abchibald Day. 

David Deuchab. 
*Alexandeb John Finlaibon. 

John Ralph Gbimes. 

Majob-Gen. J. C. Hannyngton. 

Ralph Pbice Habdy. 

Stewabt HelDeb. 

Augustus Hendbiks. 



♦William Hughes. 

Geobge Humphbbys, M.A. 

Fbank MgGedy. 

Hen BY William Manly. 

James Meikle. 
♦Edwabd Algebnon Newton, M.A. 

Abthub Peabson. 

Hbnby William Pobteb, B.A. 

H. Ambbose Smith. 
♦Abthub Smitheb. 

Thomas Bond Spbague, M.A. 

Spenceb Campbell Thomson, B.A. 

John Whitcheb. 

John Hill Williams. 

Thomas Emley Young, B.A. 



Notb. — Those marked ♦ are new members. 

Treasurer. 
John Ralph Gbimes. 

Honora/ry SecretoHes. 
Obobgb Humphbbys, M.A. | Henby William Manly. 

The following gentlemen were elected Auditors : — Mr. C. Windett, Mr. 
H. W. Andras, and Mr. G. B. Bellamy. 

The President then moved, and Mr. G. Humphreys seconded — "That 
this meeting approves the recommendation of the Council in reference to a 
Charter of Incorporation for the Institute, and requests the Council to take 
the necessary steps towards obtaining such Charter", which was agreed to 
unanimoTisly. 
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Policy Life-lines. — The Relation of Tables of Mortality to Values 
of Policies, By James Meikle^ Actuary, Fellow of the 
Institute of Actuaries, and of the Faculty of Actuaries, Edin~ 
burgh ; and Actuary to the Scottish Provident Institution. 

[Being Extracts from a paper read before the Actuarial Society, Edinburgh, 

and separately printed in 1871.] 

±HE actuarial student may derive very great advantage from 
viewing any of his problems under various hypothetical changes^ 
even though these be entirely imaginary^ and having for their 
objects merely the exercise of his ingenuity and the sharpening of 
his analytic powers. This operation will tend to deepen the 
subject in his mind^ and to impress him with a more extended 
and enlarged view of the nature of the problem. I have in this 
way, for my own benefit, taken up the formula for the Value of a 
Policy ; and by making variations in the symbols, or variations in 
the data, and tracing their efi*ects practically, 1 have obtained a 
much clearer notion of the relation subsisting between tables 
showing the law of mortality, and the values of policies calculated 
thereupon. The Law or Table of Mortality, when plotted out in 
the form of a curve, assumes the name of a Life-line ; and as it 
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is proposed to consider the merits of such Life-lines in respect of 
the magnitude of the values of policies thereunder, I have given 
my paper the title of Policy Life-lines. 

It will not be necessary to enter into any explanations regard- 
ing the primary formulas for the value of a policy. The one 
principally followed is 

in which 1 represents the unit or £1 assured ; 1 + a^. the value of 

an annuity-in-advance on life x ; and - — ^±^ the liability for the 

amount assured which is uncovered by the funds on hand, or 
the liability which is secured by future premiums and future 
accumulations. 

In the expression for the value of a Life Annuity — 

the vitality of the life and the discount of the money may be 
interchanged, without aflFecting the result. 

Let t?=M;(l + A), so that 

aj,=w{\^k)p;,-\-'u^[l'\-k)\p^-{-u^[\-\-k)\pg-^ 

Separating the 1 + A from the w and attaching it to the /), the 
value will become that of an annuity at a higher rate of interest 
and a higher rate of vitality, because the probabilities of surviving 
each year are increased — 

(1+A)j9x =J»'ar 

(1 + *) Vx= (1 + *);^a(l -h *);?x+i =2;/x 

(I + *) V*= (1 + %a.(l + k)p^^,{\ + k)p^.^^ = ,p'^ 
&C. 

.'. ax=^wp'a, + uJ^ip'g-hw^3P»-\' 

In v=w{l'\-k)f 

1 X *^ 1 . L 1 1 1*035 , /^.o*ri 

let -=H-A=j:^^j,^3g = ^3 =1004854; 

that is to say, increasing the probability of suWiving one year at 
each age by To^cmjW^ ^® equivalent to increasing the rate of 
interest, that at which the discount of money is computed, from 3 
k to 3i per-cent. On certain terms, rate of vitality and rate of 

^iSCS^CmSy luiK intGrellClUSC. We may permit a larger number 
of survivors each year to draw the anK^iity, provided we receive a 
larger rate of interest for the capital sum iivested. 
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We further see that, since the values of life annuities are 
unaffected, when calculated according to a "percentage increased" 
vitality and "percentage increased '^ rate of interest, interchanging 
with ordinary vitality and ordinary interest, the Values of Policies 
will also remain unaffected. 

It is scarcely necessary to prove that the values of policies, 
computed at any given rate of interest, are always greater than 
when computed at a higher rate. 

Assuming this, it may be shown that a " percentage increased" 
vitality will of itself increase the values of Policies. 

Thus Carl.-3-per-cent flx=(l + *)-Carl.-8i-per-cent a^' 

But „V;p Carl.-3-per-cent>»V^ Carl.-3J-per-cent. 

•*• «Va,(l + A:)-Carl.-3i-per-cent>»V;p Carl.-3i-per-cent. 

It will be better, however, to take up this point in a more 
practical manner. 

Let \x and V'a,= values of policies by any two tables. 

Then V'^, > = < V^p according as 

or as , . ^ > = < 



or as 



1+a' , ~^l + fl'x' 



So that, if values of annuities-in-advance be prepared according to 
any two tables, and their ratios at each age be taken, we at once 
ascertain whether the values of policies will be greater or less by 

the oiie table than by the other. If the ratio of = ^^ be 

l+flaj + i 

1 -4-/7 

greater than ^ / , the values of policies referring to the 

accented annuities in the denominator will be greater j and if the 
ratio is less, the values will be less. 

The above reasoning is quite general, and may be applied to 
any tables ; but for practical exei/iplification, I have increased by 
5 per-cent the rate of mortality deduced from the experience of 
Scottish Life OflSces — 

&C., 

2 D 3 
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and from a radix of 100,000 at age 15, the corresponding new 
life-line has been ascertained, and also the values of annuities at 
J3 per-cent interest. The values at the first six ages by both tables 
are the following : — 



X 


V. 


1 + a', 


1+ttx 


Iz 


15 


100000 


23-7667 


23-9841 


100000 


16 


99504 


23-5665 


23-7869 


99528 


17 


98968 


23-3694 


23-5906 


99017 


18 


98397 


231742 


23-3969 


98473 


19 


97799 


22-9792 


23-2031 


97903 


20 


97176 


22-7831 


230088 


97309 



And there has been prepared the ratio of the annuities by the 
two tables. 

1 + fl* (ordinary mortality) _ ^ 
1 -h a' SB (increased mortality) "" " ' 

If the ratio is greater at age x-^l than at age x, or at age x-hn + l 
than x-^-n, or age x + n than age x, the values of policies of 
corresponding ages and dui'ations by the increased moitality table 
will be the greater. 

Table showing the Value o/* Rj. = ^ . 

L-^-ax 



Age 

X 

15 


R* 


Age 

X 


Rx 


Age 
X 

49 


R« 


Age 

X 

66 


R* 


Age 

X 

83 


Rx 


1*0091 


32 


10116 


1-0157 


1-0241 


10345 


16 


1-0093 


33 


10117 


60 


1-0160 


67 


10248 


84 


1-0345 


17 


1-0094 


34 


10119 


51 


10164 


68 


1-0254 


85 


10346 


18 


1-0096 


85 


10121 


52 


1-0168 


69 


1-0260 


86 


1-0348 


19 


1-0097 


36 


1-0123 


53 


1-0172 


70 


10267 


87 


1-0351 


20 


1-0099 


37 


1-0125 


54 


1-0177 


71 


10274 


88 


1-0355 


21 


1-0100 


38 


10127 


55 


1-0181 


72 


1-0280 


89 


10359 


22 


1-0102 


89 


1-0129 


56 


1-0186 


73 


1-0287 


90 


1-0365 


23 


1-0103 


40 


1-0131 


57 


10190 


74 


10293 


91 


1-0368 


24 


10104 


41 


1-0133 


58 


1-0196 


75 


10300 


92 


1-0381 


26 


1-0105 


42 


1-0136 


59 


10201 


76 


1-0307 


93 


1-0388 


26 


1-0107 


43 


10138 


60 


1-0206 


77 


10313 


94 


10397 


27 


1-0108 


44 


10141 


61 


1-0212 


78 


10321 


95 


1-0441 


28 


1-0110 


45 


10144 


62 


10217 


79 


1-0328 


• t « 


• ■ • 


29 


1-0111 


46 


1-0147 


63 


1-0223 


80 


10836 


> • • 


• • • 


so 


10118 


47 


1-0150 


64 


10229 


81 


1-0341 


• « « 


• •• 


81 


10114 


48 


10158 


65 


1-0238 


82 


1-0844 


• ■ ■ 


• at 
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These ratios being thus shown to be progressively increasing, the 
values of policies by the table derived from l'05qx will therefore 
always be greater than by the table derived from qx* 

A less conclusive method of exhibiting this law, but perhaps 
one more easily comprehended, is showing the actual values of 
policies of various durations, by the two tables refeired to, 
thus : — 

Comparison of values of policies of 100, based on ordinary mor^ 
talityy with the values based on the same rate of mortality 
increased by 5 per-cent. 



n 

6 
10 
15 
20 
25 
30 
36 
40 
46 
60 
66 
60 
66 
70 


AoK AT Entry SO. 


AOE AT EMTRT dO. 


Age at Entry 40. 


«' as n^ X 


nV, nV« 


nV'x nV. 


4-435- 4-372 -'063 
9-278- 9-154- -124 
14-656 -14-468 -188 
20-660 -20-406 --254 
27-357 -27-033 --324 
34-744-34-347-397 
42-697 -42-230 --467 
50-947 -50-426 --521 
59-126 -68-574 --551 
66-840 -66-288 --552 
73-780 -73-257 -'523 
79-820 -79-346 --474 
84-298 -83-913 --385 
89-031 -88-741- -290 


6-929- 6-851-078 
12-546 -12-386 -160 
19-928 -19-680 --248 
28071 -27-732 =-339 
36-837 -36-409 = -428 
45-931 -45-431 = -500 
54-945 -64-400 --545 
63-449 -62-891 --558 
71-099 -70-563 = -536 
77-756 -77-265- -491 
82-692 -82-292 = -400 
87-909 -87-607 --302 

••■ •«« •■• 

•■• ■•• •■• 


8-442- 8-326 = -116 
17-752 -17-516 --236 
27-776 -27-420 --356 
38-174 -37-717 --457 
48-482 -47-954 = -628 
58-205 -57-645 = -560 
66-953 -66-401 = -552 
74-565 -74051- -514 
80-209 -79-789- -420 
86-176 -85-856- -320 

••• ••• ■•• 

•>t •■t ■•■ 
"•• ■•• ••• 

•■• ••• ••• 



Increasing the Rate of Mortality, or, in other words, increasing 
the probability of dying in one year, by a uniform percentage, 
thus augments the values of policies. This has been shown with 
reference to one table, and it may be fairly assumed with reference 
to any other. 

Similar processes might have been gone through to show that 
increasing the rate of vitality y or probability of surviving one year, 
by a uniform percentage, also increases values of policies, as has 
already been briefly pointed out. With the view of practically 
exemplifying this, I have augmented the probability of surviving 
one year — Scottish OflSces Experience — ^by ■Yir^> ^^ multiplied it 
by 1*004, and worked out the values after 5 years' duration at 
each quinquennial age, as shown in the following table. A com- 
parison of the numbers-living is also given. 
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^ 








Percentage 








of Increase. 


Entiy 


100»V', lOO^V, 


r, k 


I'.-lx 


1 


15 


4-467- 4-067 -•400 


100000 100000 






20 


4-790- 4-372«-418 


99271- 97309- 


1962 


2-0 


25 


6-436- 5000- -436 


97917- 94086- 


3832 


41 


dO 


6-304- 5-850 --464 


96138- 90650= 


5688 


6-2 


35 


7-410- 6-941 = -469 


93948- 86739- 


7209 


8-3 


40 


8-803- 8-326 « -477 


91296- 82624 = 


8671 


10-6 


45 


10-500 -10-025 = -476 


88068- 78128 = 


9940 


12-7 


50 


12-475 -12007 = -468 


84026- 73071- 


10957 


160 


55 


14-630-14-188=442 


78742- 67121- 


11621 


17-3 


60 


16-940 -16-435 = -505 


71566- 59798- 


11768 


19-7 


65 


19028 -18-621 = -407 


61864- 50604- 


11260 


22-2 


70 


21062 -20-674 =-378 


4910-1- 39379 = 


9725 


24-7 


75 


23-114 -22-767 =-347 


34141- 26838- 


7803 


27-2 


80 


22-309-22-112-197 


19336- 14903- 


4433 


29-7 


85 


••• ••• •■• 


7803- 6896 = 


1908 


32-4 


90 


••■ ••• ••• 


2064- 1629- 


635 


35-0 


95 


••• ••• •■• 


160- 116= 


44 


87-9 



It will be observed that the amount of increase on sV^. is 
nearly constant — and that the rate per-cent of increase is greatest 
at the younger ages. The percentage of increase to the /« is 
progressively increasing. 

Next suppose the number-living at each age increased by a 
constant quantity^ so that l'g=l„'\-c. 

In this case the constant affects the probability of surviving 
one year in a slightly increasing ratio^ because 



/•= 



c 



If 12j£t]=^,(l + A), 



e+l 



c+L 



At^=P'*iO- +*+/), and ^^-ft-» =^,,+,(1 + k+l+fn)i 

I, m, &c.^ being very small in comparison with A. Upon the whole, 
this is a very imperfect form of modification^ but as it presents an 
illustration of the general relation between life-lines and values of 
policies, the calculated results are here given in detail. The value 
of a policy effected at age 20, and of 5 years' duration, is thus 
expressed : — 

t^(g+45)+t^(g-l-46)-ht;^(c+^y) + . . . . 

• """^ t^(c + 4D)+t;^'(g + U + t;"(c-h4)-h . . . / 
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And the values by the two life-lines are compared in the following 
table : — 



X 


^«100=^^^^ 
1000 


.=1000.^-^ 


IOO5V, lOOeV's, 


IOO5V". 100(8V,-6V",) 


15 
20 
25 
80 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 


4-067- 4-062= -005 

4-372- 4-367= -005 

5000- 4-993= -007 

5-850- 5-843= -007 

6-941- 6-931= -010 

8-326- 8-313= -013 

10-025-10-006= -019 

12-007-11-981= -026 

14-188-14148= -040 

16-435-16-371= -Oei 

18-621-18-509= -112 

20-674-20-442= -232 

22-767-22-210= -557 

22112 -20-416 = 1-697 

30-015-23-554=6-461 


4-024 -043 

4-324 -048 

4-9^10 -060 

5-775 -075 

6-844 -097 

8196 -130 

9-846 -179 

11-752 -255 

13-805 -383 

15-825 -610 

17-365 1-256 

18-573 2101 

17-974 4-793 

9-614 12-498 

2-572 27-443 



The differences of sV^^? seem about 10 times those of 5V'*, and 
this is no doubt caused in some way by the one constant being 
10 times the other. The deviations in the values are not great^ 
but they point out that a constant increase to the number-living 
has the tendency to lessen values of policies. 

The next variation upon values of policies and their life-lines^ 
to which attention is drawn^ is the relations of certain life-lines to 
each other which will give equal values of policies opened at the 
same ages and of equal durations. 

It has frequently been expressed^ in ordinary off-hand con- 
versation^ that values of policies^ by the tables which charged high 
premiums for assurance^ would necessarily be larger than by tables 
charging smaller premiums. It appears^ however, that there is no 
such necessity ; and, accordingly, I wish to point out that it is 
quite possible for values of policies to be always equal, although 
the premiums may vary immensely. 

In the present illustratioii, I shall not take my start from the 

formula 

1 + ax+n 



.V.= l- 



l + a^, 



but from its equivalent form, expressed in terms of the annual 
premiums tir^p — 
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n^ X — r~T • 

tsTar+n + O 

I^et t«r',+» = ( 1 + A)«rx+ii + dk, 

y = ^'^-^n—^ 'x _ {l-\-k)vx^n-^dk^{{\ + k)nrx'\-dk} 

_ ^x-\-n ^x TT 

Thus values of policies remain the same^ whether derived from 
ordinary net premiums, or from the same premiums increased by 
a percentage and a constant, as indicated above, a percentage 
addition to the annuity-due being equivalent to an addition to the 
premium composed of a percentage and a constant. 

The first step, therefore, appeara to be to find the values of 

tir'^= (1 -f *)tirj; + rf*, 

&c., &c., 

and from the connection between these at contiguous ages, to 
ascertain the probability of surviving one year, and therefrom the 
number living at each age. 

Since t^a? ( 1 + fl*+ 1) = flr*, 

and fla?= — tA and :=-- =«^«+i + rf. 



and accordingly, — 

X 



/«='^^ij:^{i-(*'*+«?)}(i+o 

isr x+iT"» 

&C., &C., 

and from a radix at age 15, the ordinary tables, showing the 
several laws of mortality, have been computed as follows : — 

ri5= 100000 

/'i6=Jo'i5 X 100000 

Vi7^p\s xp\c, X 100000 

l'lB=p\5 'P'lS'P'l? X 100000 

&c., &c. 
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Table showing ike Annual (3 per-cent) Premium for Assurance of 
100 at Death, derived from the formula (l-\-k)xffx+^d. 



Age. 


Values or k. 


10 


5 


1 




1 


5 


10 








_ . 





+ — 


+ — 


+ 


15 


100 


100 


100 


^ 


100 


100 


100 


•8393 


10483 


1-2151 


1-2568 


1-2985 


1-4653 


1-6737 


20 


•9989 


1-2162 


1-3901 


1-4336 


1-4770 


1-6509 


1-8682 


25 


1-1778 


1-4050 


1-5868 


1-6323 


1-6777 


1-8595 


2-0868 


30 


13931 


1-6323 


1-8236 


1-8715 


1-9193 


2-1107 


2-3499 


35 


1-6606 


1-9147 


2-1179 


2-1687 


2-2196 


2-4228 


2-6769 


40 


2-0017 


2-2747 


2-4932 


2-5478 


2-6024 


2-8208 


3-0938 


45 


2-4181 


2-7459 


2-9841 


30437 


31032 


3-3415 


3-6393 


50 


3-0453 


3-3763 


3-6411 


3-7073 


3-7735 


4-0383 


4-3693 


55 


3-8583 


4-2345 


4-5354 


4-6106 


4-6859 


4-9868 


5-3630 


60 


4-9778 


5-4161 


5-7668 


5-8545 


5-9122 


6-2928 


6-7812 


65 


6-5296 


70542 


7-4739 


7-5788 


7-6837 


81034 


8-6279 


70 


8-6902 


9-3348 


9-8505 


9-9794 


10-1083 


10-6240 


11-2686 


75 


11-7050 


12-5171 


13-1668 


13-3392 


13-4916 ' 


141413 


14-9584 


80 


160258 


17-0779 


17-9196 


181301 


18-3405 


191822 


20-2343 


85 


21-4022 


22-7531 


23-8337 


241039 


22-3740 , 


25-4547 


26-8055 


90 


31-8302 


33-7604 


35-3045 


35-6906 


360766 ' 


37-6207 


39-5509 



There is further shown a diagram of the numbers living; 
see p. 404. 

fVhen k is positive, that is^ when the premiums are increased 
by a percentage and a constant^ combined in the form of 

l + a« 
the numbers-livings or the life-lines^ range themselves on the 
under side of the normal line^ at distances respectively indicated 
by the value of k. 

And when k is negative, the numbers range on the upper side 
of the normal line. In shorty the life-lines on the under side 
result from high premiums and high mortality; on the upper 
side from small premiums and light mortality; and yet each of 
these life-lines produces the same value to a whole-life annual- 
premium policy, calculating at 3 per-cent interest. 

It is obWous, from an inspection of the diagram, that the 
whole plane upon which these equipolicy life-lines are drawn, 
based upon certain values of k positive and negative, might be 
filled up with an indefinite number of other equipolicy life-lines, 
by giving to k certain vaiying values accordingly ; and, further, 
it will be seen that any other line, drawn in any other manner, 
may equally well be compared with any of these indefinitely 
numerous lines as with the normal line, or with any of those 
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which have been actually computed and drawn. The limits of this 
plane have not been investigated^ except when k was assumed 
= —•15, in which case the numbers living increased for a few 
years after the youngest age in the table. 

It now becomes interesting to know the nature of the values 
of policies prepared from any two or more lines cutting this plane 
in different directions. Let first one be drawn passing through 
the numbers (see table of equipolicy life-lines). 

15 = 10000 



25 = 
85 = 
45 = 
55 = 
65= 
75 = 
85 = 
95 = 



8991 
8270 
7694 
6864 
5933 
4268 
1733 




And filling up the intermediate numbers by any process which, 
without much trouble, will give the entire life-line unbroken from 
10000 to 0. 

For this purpose I have employed Mr. Sang^s equation, 

giving the line as plotted in the diagram from which values of 
policies have been computed at 3 per-cent interest. 

Comparison of values of jPolicies^ based thereupon. 





lOQsV, 


100bV'« 


DiffereDce. 


Age. 












(1) 


(2) 


(2)-(l) 


a)-(2) 


15 


4067 


2-391 


• • « 


1-676 


20 


4-372 


•703 


• • • 


3-669 


25 


5-000 


2-206 


• • • 


2-794 


30 


5-850 


4-639 


■ • • 


1-211 


35 


6-941 


6-110 


• • • 


-831 


40 


8-326 


6-654 


■ • • 


1-672 


45 


10025 


7-332 


• • • 


2-693 


50 


12-007 


9-0] 8 


• • • 


2-989 


55 


14188 


11-762 


■ • • 


2-426 


GO 


16-435 


14-914 


■ • • 


1-521 


65 


18-621 


17-870 


• • « 


-751 


70 


20-674 


20-767 


•093 


• • • 


75 


22-767 


24-343 


1-576 


• ■ « 


80 


22112 


31-069 


8-957 


• a ■ 


85 


30-015 


44-218 


14-203 


• • • 



Excepting the last four, the values by this hypothetical life-line 
are all smaller, so that, this exception satisfactorily explained^ we 
seem to have fallen upon a life-line which shows smaU values of 
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policies. Its track cuts the orbits of the equipolicy life-lines. 
During the youngest ages it shows heavy mortality^ gradually^ 
however, at older ages becoming lighter. At age 50 it crosses 
the path of the normal line, and recovering from its unhealthy 
character, ultimately, about age 75, shows a much greater number- 
-living than any of the other lines. Since, by terms of the original 
assumption, all the lives die before age 95, and as a larger number 
are alive at age 75, the mortality from 75 to 95 must be greater 
than by any of the other lines, and therefore the sum required to 
meet the claims — that is, the values of policies — must be greater 
than by the normal line. If, in this case, life had been assumed 
to terminate at age 105 or 115, the increased value would not 
have appeared. Upon the whole, however, it appears that a table, 
which shows heavier mortality in its earlier years, and lighter 
thereafter, will produce small values of policies. 

Taking another instance of a life-line crossing the equipolicy 
lines from the opposite direction, aod let one be drawn through 
the numbei-8 (see table of equipolicy lines) — 

15 10000 



25 


9843 


35 


9097 


45 


7938 


55 


6564 


65 


4314 


75 


1680 


85 


195 


90 






interpolating by the same formula /M-«=^=B/*+C/'-h&c., and 
preparing values of policies for comparison with the values accord- 
ing to the normal or any of the other equipolicy life-lines. 



Ages. 


10Q»V', 


lOOsVx ] 


Difference. 


16 


5-54- 


4067 - 


1-473 


20 


7-57- 


4-372 = 


3-198 


25 


7-33- 


5000=: 


2-330 


30 


6-83- 


5-850 « 


-980 


35 


7-47- 


6-941 « 


•529 


40 


9-46- 


8-326- 


1134 


45 


12-07- 


10-025 « 


2-045 


50 


14-48 - 


12-007- 


2-473 


55 


16•33- 


14-188- 


2-142 


60 


17-81 - 


16-435- 


1-175 


65 


19-32- 


18-621 « 


•699 


70 


21-40- 


20-674= 


•726 


75 


24-96- 


22-767- 


2-193 


80 


31-73- 


22-112 = 


9-618 
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At all ages the values by this hypothetical life-line are greater. 
It shows light mortality during the earlier years^ and crossing the 
normal line at age 50 appears to show heavier mortality during 
the remainder of life. We may almost infer, therefore, that any 
other table of mortality which describes a course similar in 
character, though not necessarily to the same extent, will give 
greater values of policies than the table with which the comparison 
is made. 

Let a comparison be made with the Carlisle. If its life-line 
be drawn in the diagram, it will be seen that it keeps to the under 
side of the normal line for a considerable period of life, its distance 
at first increasing ; about age 50-55, it approaches the normal line 
without crossing it ; it does not keep in the path of any of the 
equipolicy lines ; it shows a greater mortality in the early years, 
without in the later years so far recovering as to necessitate a still 
greater mortality towards the close of life, and is therefore indi- 
cative of small values of policies. 

If a comparison be made with Davies's Equitable mortality 
tablC; it will also be seen that it also bears the character of a small 
value of policy life-line. 

A comparison of the values by these tables with those of the 
normal line is here given. 

Comparison of values of Policies for 100, based upon — 





IOObV, 


Difference. 


Difference. 














Normal 










Age 


Carlisle. 


Davles's 

Equitable. 


Life-Une of 

Scottish 

Offices. 












(1) 


(2) 


(3) 


(l)-(3) 


(3)-(l) 


(2)-(8) 


(3)-(2) 


15 


8-760 


4802 


4-067 


> • « 


•307 


•235 


• ■ • 


20 


4-531b 


4-709 


4-372 


•162 


1 a « 


•337 


■ • • 


25 


5-120 


5-146 


5-000 


•120 


• ■ ft 


•146 


■ • ft 


30 


5-464 


5-612 


5-850 


• • ■ 


•386 




•288 


85 


66tt 


6-440 


6-941 


• • ■ 


•297 




•501 


•K) 


7^052 


7-815 


8-326 


• ■ ■ 


1-274 




•481 


45 


9-255 


9-375 


10025 


■ • • 


-770 




-&i5 


50 


12-374 


10-178 


12-007 


•367 


• • • 




1829 


55 


14-299 


11-495 


14-188 


•111 


• • • 




2-693 


60 


13-<?i>8 


13-817 


16-4 i5 




2-737 




2-618 


(io 


18-OSU 


16-207 


. 18-621 




-530 




2-414 


70 


19-8:15 


19-248 


20-674 




•839 




1-426 


75 


17-617 


21038 


22767 




5150 


1271 


V • ■ 


80 


2117 


25-709 


22112 




-942 


8-597 


ma* 


85 


17-27 


23-461 


d0i)15 




12-745 


■ • • 


6-554 
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It would seem^ therefore, that we are able to predicate the 
reserve powers of different life-lines, or we may draw the line which 
will show to any extent a gi*eater or smaller reserve than any other 
table. Two ofBces on different life-lines may, notwithstanding, 
reserve equal values of policies. It will further be seen, that it is 
the table which shows the highest rate of mortality at the younger 
ages, and inferentially the office charging the highest premiums at 
these ages (apart from loading), which makes the smallest reserve; 
though we may easily conceive a table, based upon a life-line 
which lies always on the under side of the normal line, not keeping 
in the path of the equipolicy lines, but gradually increasing its 
distance from the normal line, which would show higher premiums 
at all ages, and at same time a greater value to the policies, — for 
instance, such a table as that produced, by increasing the rate of 
mortality by an uniform percentage; or we may conceive of a 
table, based upon a line always on the upper side of the normal 
line, but which is gradually nearing it throughout life, — ^such a 
table would show smaller premiums and higher values than the 
normal line. We may also conceive other lines pursuing different 
paths, and invariably producing smaller values. 

Another illustration of the effect of the foregoing changes 
upon the life-line may be traced, even in some of the methods 
which have been proposed for graduation. I have observed, in 
several of the processes, that there is a tendency to disturb the 
curvature of the life-line. Such a tendency has its effect, distant 
perhaps, but one which should be kept in view as one of the pos- 
sible tendencies of all graduation. 

I give only one illustration — a simple one : — 

Ix} Ix+if ' ' ' * being given in the unadjusted series, 

' *+«- 64 

Applying this process to tlie experience of the Scottish offices, 
it is found that the values of policies resulting from the readjusted 
table are slightly less. 
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IOO5V, 


IOO5V', 






Numbers Living. 


Differanoe. 


X 


Difference. 


X 


















20 


h 


I'z 


r,-i. 


h-Vz 


20 


4-372- 


4-378 « 


-•006 


97,309 


97,294 


« • • 


16 


25 


5 000- 


5-000 « 


-000 


25 


94,085 


94,077 






8 


80 


5-850- 


5-849- 


+ •001 


80 


90,550 


90,542 






8 


35 


6-941 - 


6-938 = 


-003 


35 


86,739 


86,730 






9 


40 


8-326- 


8-315 = 


•Oil 


40 


82,624 


82,613 






11 


46 


10*025- 


10-007 « 


•018 


45 


78,128 


78,112 






16 


50 


12-007- 


11-967= 


•040 


50 


73,071 


73,045 






26 


55 


14188- 


14136 = 


-052 


55 


67,121 


67,080 






41 


60 


16-435 - 


16-329 = 


•106 


60 


59,798 


59,741 






57 


65 


18-621 - 


18-457 = 


•161 


65 


50,604 


50,541 






63 


70 


20-674- 


20-419 = 


•255 


70 


39,379 


39,337 






42 


75 


22-767- 


22194= 


•573 


75 


26,838 


26,854 


16 




80 


22-112- 


21-933 = 


•179 


80 


14,903 


14,964 


61 




85 


30015 - 


27-882 = 


2133 


85 


5,895 


6,043 


148 


f 










90 


1,629 


1,616 


87 












100 


116 


154 


88 





The reason of the values being less lies in the fact that the 
graduation makes the number at each age less up to age 73^ and 
thereafter greater. By tracing in the diagram the effect of such 
alterations^ the character of a small-value table will at once appear. 
At the earliest ages, 18-80, the difference in the numbers living is 
a diminishing one, and therefore produces the small negative dif- 
ference in the sVgo above, of '006. The difference in the numbers, 
however, although diminishing for a few years, does not change its 
sign, but increases, and therefore the smaller value is maintained 
to the oldest age. 

It would appear, in conclusion, that if the ratio of the proba- 
bilities of living one year, according to any two tables of equi- 
policy life-lines, were known, it might be applied to any other 
table to obtain another set of equipolicy lines on that basis. 

It was shown that 



f ^'x-^\ + d 1 — (tsr'ar + rf) 



tB" ^ 



V 



which, since tir'ar= 
1 + * 



1-f* 



I4-A 



— rf and tsr «+i = 






«+i 



-d, 



1 + a 



1- 



«+i 



1+flx 



Jl±A 



^1 + flx+iU r(l+a*)/ 
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But it may also be shown that 

V = ^^ = A+A-. fl^. !__ V 

1 1+fc 

. /a. _ V V{l+az) _ gar — fe _ ^ fe 

/?« 1 1 ax Ox * 

V t;(l4-flx) 

or^ generally^ tables based upon the formula 

Tc 



p:=P.(i± £) 



will give equal values of policies. 

Referring to the illustration on page 390, where the variation 
on the Ix was a uniform constant addition, it will at once be per- 
ceived, from the results of the foregoing investigations, that such 
a variation will give a smaller value to the policy. The new life- 
-line will lie on the upper side of the normal line, and although 
at all ages at an equal distance from it — ^the addition c being 
constant — still it will, with reference to the contiguous equipolicy 
lines, at first lie on the under side thereof, and at increasing ages 
gradually appear on the upper side, and thus realize the character 
of the small-value life-line already drawn. When the equal 
constant is deducted from Z^., the new life-line lies on the under 
side, but crosses the neighbouring equipolicy lines, so as to show 
heavier mortality in the later years of life, and therefore exhibits 
the character of a larger-policy life-line. When the l^ is increased 
by a percentage, the increase is greatest at the youngest ages, 
gradually becoming less at older ages — thus showing a large-policy 
life-line — and when the number-living is diminished by a per- 
centage, the opposite results follow, and a small-policy life-line 
is produced. 

Values op Policies on Underaverage Lives. 

In dealing with the values of policies of persons who have been 
charged extra for deteriorated health or unfavorable family history, 
it is a common principle at investigations to measure the liability 
of the office on the assumption that the policy is of n years^ standing 
of a life of the age corresponding to the premiums actually charged 
-^say, d years older than x, the actual age at entiy. Such a systemi 
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no doabt^ is quite safe^ assuming^ of course, that the life has been 
properly rated. It, however, proceeds on the assumption that the 
extra which would be charged were the life assuring at age x -f n, 
and again rated as an unhealthy life, would equal the difference 
between the ordinary premiums at ages x-\-n-^d and x+n. It is 
difficult to see the correctness of this assumption. Viewing un- 
healthy lives as one class, although they may be divided into 
several distinct classes, I am inclined to think this series of extra 
excessive. Tlic method may also prove inconvenient, should any 
of the lives survive the tabular duration, and thus hypothetically 
be viewed as a life d years older than the extreme age of healthy 
lives. 

If, according to the figures in the table, page 393, a life of 30, 
on which the ordinary premium is '018715, were rated as a life say 
of 87i years, and charged the premium of '023499, it would, by 
the foregoing principle, be held at each investigation to be reinsur- 
able at the following extras : — 

Age 80 •004784= (say) ^^^k-^so 



40 


•008038= 


W^yj — tif^j 


60 


•014770= 


Ws7J— "'m 


60 


•028289= 


^en—^ta 


70 


•055404= 


"m— "'t" 



Whereas, if the life be placed on a table of mortality correspond- 
ing to the premium charged at the actual age =023499, the value 
of the policy may at each investigation be computed on that table 
in place of the table for healthy lives ; and the series of extra pre- 
miums would, in place of the foregoing, become : — 

A «*^ on .nn/i'TQ/L — «' f (^J Table of Increased ^ ^ i (o^ Ordinaiy > 
Age 30 -004784 = ^ 30 ^ -^ Mortality) j - ^30 [ ' MortaUty ) j 

40 '005460= iir'40 „ „ -«^4o « 

50 -006620 =iir'5o „ „ -tir^ „ 

60 -008767=i»r'« „ „ -^m „ 

70 •012892=t«r'yo „ „ -f^To „ 

And the value of the policy would issue from the formula 
l>'^=l>, n H J , in which *= —'1 . 

To take another illustration. A life of 30 is rated at 40, the 
extra premium being (025478— 018715) =006768, or 13s. 6rf. 
per^cent. 
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h being = "^^^ = (i^r'ao-tsrao) (1 + flao) = '14136 

= nearly A'ao— A^. 

Therefore the value of the policy would be derived from the 
formula 



•'si=/'sin 



14186 \ 

«S1 / 



But values of policies prepared from the formula 

h 



/.=;,. (l- J 



»9 



have been shown to be equal to ordinary values prepared from p, 
and therefore it would appear from the foregoing arguments that 
it is unnecessary to give to whole-life-premium policies^ on which 
extra premiums for impaired health have been charged^ any higher 
value than to policies on ordinary healthy lives. 

There is, however, a wide difference between the theory and the 
practice of assuring unhealthy lives. Should the life not recover, 
so as to be thereafter viewed as an average life, the assurance is 
invariably maintained against the office ; and should the life recover 
health so as to be assured elsewhere without extra, the extra- 
-premium-charging assurance is generally discontinued, and the 
office is left with the worst of the unhealthy lives. In practice, 
therefore, the high extras imposed are required to serve the double 
purpose of protecting the offices against the extra mortality of 
inferior lives, and against the injurious consequences resulting 
from the powers exercised by the public in withdrawing the better 
and leaving the worse lives. 

A table is annexed, showing the numbers living at each age, 
and the deaths during each year, according to the normal life-line 
and several of the equipolicy life-lines. The numbers at each 
tenth age of the hypothetical lines, giving large and small values, 
are printed in blacker type. 
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On a Method of Approximating to the Rate of Interest in an 
Annuity 'Certain. By D. J. Mc6. McKenzie^ A.LA. 

YV E have received from Mr. McKenzie a paper explaining and 
illustrating a method of dealing with the above problem^ which 
will probably be new to most of our readers. This problem^ 
Mr. McKenzie remarks^ has been frequently discussed in the 
pages of this Journal^ but he thinks that the greater simplicity 
of his operations^ and the greater precision in the results he 
obtains^ form a sufficient justification for his communication. 

The method consists in finding the value of an annuity at two 
different rates of interest very close to each other ; and when this 
has been done with proper precautions^ the required rate of interest 
can be found with very great exactness by a simple interpolation 
by first differences. 

Example 1. — The present value of an annuity of £40 for 60 
years being dE500^ required the rate of interest : (Baily's Doctrine 
of Interest, page 131). 

500-f-40 =s 12*5 ; so that we have, in the present case, flfeoj = 12*5. 
By inspection of the annuity-values given in Oakes^s Tables of 
Compound Interest, it is found that the required rate of interest 
lies between 7| and 8 per-cent. Thus : 

at 7| per-cent aeoi= 12*56398 12*56398 

,y 8 ,y „ =12*37655 at the required rate 12*50000 
Difference -18743 *06398 

Hence the first approximation to the rate per-cent is 

7'875+i^72^.i=7-91767, or i = -0791767 approximately. 

Since the value of a perpetuity is 1 : i, the arguments in a table of 
reciprocals mtiy be regarded as the present values of perpetuities of 
which the reciprocals are the rates of interest. From Barlow^s table 
of reciprocals we find 12-68= 1 : 07917656, 1264= 1 : 07911392, 
and we have now to find the value of an annuity for 60 years at 
these two rates of interest. This can be most conveniently done 
by means of the formula 

a;i| = (1 — V") : t = fl«, (1 — t?*) = floo — a«o»**. 

Mr. McKenzie states that he found this method of calculating 
the value of an annuity-certain first in John Newton's introduction 
to his Logarithms (Trigonometria Britannica, London, 1658) ; 
that it is also exemplified in John HilPs Arithmetic (4th 
Edition, London, 1723); and that it is mentioned by F^dor 
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Thoman in his Theory of Compound Interest and Annuities 
(London^ 1859), page 19. 

In applying the above formula we require to find log (1 + 1) to 
9 or 10 places of decimals, and this is very readily got by means 
of Mr. Gray's Tables,* observing that 

l + flao=l + l:t = (l + t):i=fl„(H-t), 

whence log (1 + i) = log (1 -h a* ) — log a^ . 

In the present case a^ = 12-63 and 1264, 1 + a« = 18-63 and 1364. 
This explanation will probably be sufficient to enable the reader 
to understand Mr. McKenzie's process, which he arranges as 
follows : — 

l + fl«, = 13-63 log= 1-134495866 13*64 log= 11S4814370 

doe =12-63 log= 1101403351 12-64 log= 1101747074 

log 1-07917656= 0-033092505 X 60 log(l-f«)= 0-033067296 x 60 

log(l+t)«^=r 1-9855503 log(l-fl)*^= r^4037 8 " 

log(l4-«)"*^= 8-0144497 log(l+i)"«>= 8-0159622 

log{(l+t)»— 1}= l-981037lt log{(l + t)~— 1}= l-9796087t 

logaoo= 11014 034 logaoo= l-l 017471 

loga60= 1-0968902 logfl60l= 10972180 

flfeo = 12-49943 fl«ol = 12-50887 

12-50887 12-50887 -07917656 

12-^43 1-2-50000 07911392 

944 887 6264 5885 

- 07911892 

The rate required is exactly -07917277 

Proof— log 1-07917277= 0-0330909786 x 60 

log (l4-t)"= 1-9854587 

log (1 + 1)-«^= 80145413 

log{(l+t)»— 1}= 1-9809445 

Cologf = log flop = 1-1014242 

logfl5o|= "i'0969100 

fleo. = 12-5 

Mr. McKenzie proceeds : — 

In applying Mr. Gray's tables, as above, to find log(l + i), 
unity is always understood to be prefixed to the argument column, 

* Tables for the formation ofLogarithmt and AnU-logarithnu to twelve placet, 
1865, and Tables for the formation of Logarithms and Anti-logarithms to twentg^ 
four or any less number of places, 1876. Laytons, London. 

t log { (1 + 1)*' - 1 } is here obtained from log (1 + 1)«> by the use of WittBteiu'e 
table of Gauss's logarithms (Hanover, 1866), a most useful companion to all 
aeven-place tables. 
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the logarithms being found in column I immediately adjoining. 
We have here, therefore, as arguments, the numbers 1,000 to 2,000, 
answering as perpetuities for all rates of interest from 10 to 5 per- 
cent. Multiplying the numbers in the argument column by 2, 
and adding log 2 to the tabular logs, log(l+t) is round by the 
foimula for all rates from 2^ to 5 per-cent. For rates from to 
2| per-cent log (1 -ft) must be computed by the direct process 
given by Mr. Gray in the introduction to the tables. Where the 
ten-place tables of Ylacq or Vega are at hand, log (1+t) may be 
obtained by means of the formula in all the cases. 

Example 2. — The present value of an annuity of 1 for 50 years 
being 22*61794, required the rate of interest. 

By Oakes's tables, we find 

at 3f per-cent a^ =22-93608 22-93606 

}f Sf w }} =22-43449 at the required rate 22-61794 
DiflFerence -50159 -31814 

The first approximation to the rate per-cent is 

3-625+|i|^.^=8-70428, or t=0370428, 

the approximate rate thus found being always too great. 

Entering Barlow^s table with the approximate rate, we find 
aoo26-98=l : -08706449, flco27=l : 08703704, and a^ is to be 
computed for these two rates of interest as follows : — 

In this instance, the numbers in Mr. Oray^s table are multiplied 
by 2, and log 2 is added to the tabular logs. 

Here «« =26 98 and 27, H-fl« =27-98 and 28. 



Dgl +a«, =logl3-99-|-log 2=log 2798= 1-446847710 
log fl« =logl3-49-l- log 2=log 26-98= 1-431041945 

log 1-03706449= 0015805765 x 50 
log (1 + i)^= 0-7902883 
log fl« = 1-4310419 
log (floo . O = 0-6407536 
fl«.tr*= 4-372739 
a^ = 26-98 



22-618222 

22-607261 

10961 



^501 = 22-607261 

22*618222 -03706449 

22-617940 -03703704 



log 28= 1-447168031 
log 27= 1-431368764 
log (1 -I- i) = 001579 1267 X 5< 
log(l + f)»= 0-7897134 
log floo = 1-4318638 
log (ffco . O = 0-6416504 
a^.tr»= 4-381778 

flco=27 

0501 = 22-618222 



282 



2745 



: 71 

•03703704 



The required rate is exactly •03703776 
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Proof. — ^log 1 •08703775= 0-0167945658x60 

log (1 + 1)"= 0-7897288 

log(l+l)-~= 9-2102717 

log { (1 + !)«•— 1 } = 0-7128259 

Golog i = log floo = 1-4813664 

logff5o|= 1*8644580 

fl55j= 22-61794 

Example 8. — ^The present valae of an annuity of 1 for 80 
intervals is 42*13476^ required the rate of interest. 

We find, from Oakes's table, 

at If per-cent ^§01= ^'87994 42-87994 

„ 1| „ „ = 41-26662 at'the required rate 4218476 

Difference 1-61882 -74618 

The first approximation to the rate per-cent is 
l-75 + TVi¥^-i = l'80773, or i=-0180778 approximately. 

Bearing in mind that the approximate rate is too great, we 
enter Barlow's table with it, and find a«55-88=l : 01807838, 
55-35 = 1: 01806685. 

In this example we take log (1+0 to eight places, from the 
tables of Babbage or Hutton. If the number of intervals by which 
it is to be multiplied is not great, the error from working with 
log (1 + 1) to eight places is inconsiderable. In the present instance 
the rate happens to come out correct, but it will not always be 
found BO exact, if log (1 + 1) is taken to eight places only. 

log 101807338= 0-00777908 x80 log 1-01806685= 0-00777629 x80 

log (1 +«■)**= 0-6223264 log(l + t)»= 0-6221082 

log55'38=logg^= 1-7429607 log55-85=logfloo= 1-7481176 

log (floo.t?*) =_ri206343 log (fl«.0 = 1-1210144 

a^ . t7» = 18-20188 «..!?»= 18-21889 

a^o = 66-88 a^ = 66-86 



tf 80] = 42-12817 flgoj = 42-18661 

42-13661 42-18661 01807888 

42-12817 42-18476 -01806686 

844 : 186 :: 668 143 

-01806686 

The required i-ate is -01806828 
Proof— log 1-01806828= 0-0077769068 x 80 

log (1 + 1)"= 0-6221625 

log (1 +•)""= 9-8778476 

log{(l+f)"— 1}= 0-5087099 

Colog f = log floo = 1-7430882 

logg80l= 16246406 

fl8oi= 42-18477 
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Example 4. — A loan is issued at the price of 78 per-cent^ 
redeemable at par in 30 years^ by an accumulative sinking fund. 
The annuity is 6*505144^ and a§^ is 11*99051^ the true value. 
{J.LA. xix, 89-94.) Required the rate of interest. 

We refer to Oakes's tables as before^ and find 

at 7^ per-cent ^§5] = 12-10366 1210866 

„ 7f „ y, = 11-95555 at the required rate 11-99051 
Difference 14811 11315 

Hence the approximate rate per-cent is 

7-25 +Hfff-i = 7-34549, or f=-0784549 nearly. 
Entering Barlow's table of reciprocals with this value, we find 
fl« 18-61 = 1:07347589, a« 1862= 1 : 07342144. We operate 
as before — 

1 + ^00 = 14-62 log= 1164947373 14-61 log= 1164650216 

floo = 13-62 log= 1-184177108 13-61 log= 1138858125 

log (1 + i) = 0-030770265 x 30 log (1 + 1) = 0030792091 x 80 

log (1 4- 1)'®= 0-9231080 log (l + i)^= 0-9237627 

logflao= 11341771 loggoo= 11838581 

log (gao.t;^)= 0-211069 1 log {Oa^.V^) = 0-2100954 

flflo.i;»= 1-625808 fl««t^= 1-622167 

a« =13-62 II«= 13-61 



flso" = 11-994192 tfsol = 11*987833 

11-994192 11-994192 07347539 

11-987833 11-990510 0734214 4 

6859 : 3682 5395 8128 

-07342144 

The exact rate is -07845267 
Proof. — ^log 1-07845267= 0-0807829006 x 30 

log(l+i)^= 0-9234870 
log (1 +•*)"*»= 90766180 

log {(1+0*^—1}= 0-8683322 

Colog t = log fl« = 1-138992 4 

logfl8o;= 10788376 

0301=11-99051 , the true value. 

Example 5. — ^£11,885 is the value of £789 per annum for 57 
years, together with an additional payment of £894*5 at the end of 
the term, required the rate of interest. 
Here ^571 + ^17*^= 15. 
Referring to Oakes's table, and adding the values, we have 

at 6| per-cent fl67| + it^^= 16-23795 15-23796 

„ 6^ „ „ = 14-97366 at the required rate I6-00000 

Difference -26480 -28796 
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Hence the approximate rate per-cent is 

6-375 + ||f^-|.i = 6-48753, or i= -0648753 approximately. 

Entering Barlow's table of reciprocals with this value, we find 
fl„ 15-41 = 1 : 06489293, a« 1542= 1 : -06485084. Working as 
before, we have 

at t= 06485084, ^571 = 14-99083, at i= 06489293, ^57]= 14-98208 

\v^7z=i -01392, ^7= K)1388 

«57i + it^^= 1500475, fl67] + J«^^= 14-99696 

1600475 16-00475 06489293 

14-99596 1500000 -06485084 

879 475 4209 2276 

•06486084 

The required rate is -06487859 

Proo/— 11835 X -06487359=767-77893765, Int. on Cap. for 1 year. 

789 , Annuity. 

21-22106235, Sinking Fund. 

log 1-06487359 = 0^0272980662 X 57 
log (1 + »)*7=: 1^5559892 
log { (1 + 1)»7_ 1 } = 1-5437458 
Colog i = log ff 00 = 1 -1879320 

log Sinking Fund = 1-3267671 

log («67|+log S. Fund) = 40584449 

5671. Sinking Fund = n^^'^o 
Additional Payment = 394-50 
Capital repaid = 11835- 

Original Capital = 11836- 

• 

If the reciprocals and perpetuities are extended, a still greater 
degree of accuracy may be obtained. The following example is 
believed to exhibit a greater degree of precision than is likely to 
be required in practice. In it ten-place reciprocals are used. 

Example 6. — The present value of an annual payment of £176 
for 31 years is £2,680. What is the rate of interest ? 

2680^176=15-227, so that we have here (7311= 15-227. 

Again referring to Oakes^s table, we find 

at 5^ per-cent ^§11= 16-36819 16-36819 

w ^4 >} }» =15-14860 at the required rate 16-22727 
Difference -21959 -14092 

So that the first approximation to the rate per-cent is 

5125+HHIi=5-2052, or f=052052 approximately. 
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By inspection of Oakes's table of reciprocals^ and by extend- 
ing the values selected, we find fl«, = 1921 = 1 : 05205622072, 
fl« = 19-213 = 1 : -05204809243. The required rate lies between 
these two values of t, and we have to compute azi\ for each of them, 
as follows : — 

l+flToo =20-21 log= 1-30556,63135,15 20213 log= 1-30563,07759,97 

^00 = 19-21 log=: 1-28352,73648,62 19-213 log= 1-28359,51827,98 

log (l-|-t)= 002203,89486,63 x31 log (1 + «^ = 0-02203,55931,99 x 31 

log(l+l)»i= 0-68320,74082 log (1 + tf^ = 0-68310,33892 

log flap = 1-28352,73649 logfloo= 1-28359,51828 

log (flao . t^O = 0-60031,99567 log (««, • V^^) = 0-60049,17936 



fl„.t;3i_. 398400,57505 a„.V^^= 398558,24115 

floo = 19-21 a^ = 19-213 



^311 = 15-22599,42495 asi\ = 1522741,75885 

15-22741,75885 . 15-22741,75885 -052056,22072 

15-22599,42495 1522727,27273 -052048,09243 

142,33390 14,48612 8,12829 82726 

-052048,09 243 

The required rate is exactly -052048,91969 
Proof.— log 1-052048,91969= 002203, 59347,40 x 31 

log (1 4- iy^ = 0-68311,39769 

log (1 + i) "^* = 9-31688,60231 

(l+t)~^'= 0-20743,69045 

1 ~ (1 + f) "•^' = " 0^79256,30955 

log { 1 — (1 + i) ~^* } = 9-89903,38462 

logf= 8 -71641,17199 
log ffsli = 118262,21268 
<T3-f| = r5-22727.273 

The above example is from Thoman's Theory of Compound 
Interest, pp. 47, 48. Thoman's solution differs from the above by 
3 in the tenth decimal place. 

The same method applies to annuities payable in fractional 
intervals of a year in order to determine the rate of interest. 

For such minute intervals as months, fortnights, or weeks, there 
are no tables of annuity-values published at rates of interest close 
enough to serve for a preliminary interpolation. The tables of 
Colonel Oakes, will, however, answer every requirement in connec- 
tion with the table of momently factors, and rates of interest, here 
given {vide Appendix, p. 417), which extends from 2^ to 10 per- 
-cent, proceeding by subdivisions of one-eighth. By multiplying 
annuity-values payable yearly, by the momently factors, they are 
transformed into annuity- values payable momently; and if these 
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again are multiplied by any number m, the aimuity-values so 
produced^ will always be very approximate to the annuity-values 

which would be produced by rates of interest equal to — th of the 

momently rates^ whatever values may be assigned to m. We are 
thus furnished with a means of conveniently entering the table 
of reciprocals for any fractional rate of interest whatever. For 
example : — 

At 5 per-cent flioj= 7-72173 Log^ (1 + 1) x J = 048790,164 x \ 

Factor inverted = 7974201 =-01219754. At this rate of in- 

7-72173 terest fl40j=31-50407, showing the 

^30^ rate of interest involved in 4.aioi 

540 to be very approximate to, but 

^\ slightly less than, log« (1 4-t) x J , 

the true rate involved in 31 '65276 



aioi= 7-91319 

X 4 being -01194536. 

4. aio| = 31*65276 

At 10 per-cent flio = 614457 Log^ (1 + i) x J = 095310,180 x \ 

Factor inverted = 6029401 =-02382755. At this rate of in- 

6^14457 terest aioi = 25*60578, showing the 

^30 ™^ ^^ interest involved in 4.aio( 

123 to be very approximate to, but 

t slightly less than, loga (l4-i) x J, 

aio.= 6-44692 ^Yit ^^^ ^^ involved in 2578768 

, _ ^ ^ being found to be -02341200. 

4 . aio) = 25-78768 ° 

Example 7. — ^The present value of £1. 1*. Orf. payable monthly 
for 12 years is £100, required the monthly rate of interest 7 

Here 12x12=144, and an4] = 100 : 105=95-23810. We 
require to find the value of t which will give anil =95-23810. 

A few trials with Oakes^s table and the momently factors as 
shown in the preceding examples, will discover the limits within 
which the required rate is contained ; for example : — 

At 7f per-cent flfgi = 768472, Factor = 1037658, m = 12, 
log^ (1 + 0* =00612356, and 7-68472x1-037658x12 
=95-68942, t approximately =00612356; 

at 7i per-cent flr2= 7*63468, Factor = 1-038268, m = 12, 
loge (1 -»- 0* = 006220295, and 7-63468x1-038268x12 
=95-12207, f approximately =006220295. 

Remembering that the true rates of interest are always rather 
less than the approximate rates, we enter the table of reciprocals 



I 
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with the above approximate rates^ and select a„ = 161*9 
= 1 : -006176652, «„ = 1621 = 1 : 006169081. Operating as in 
the previous examples, we have 

1 + flop = 162-9 log= 2-21192,10843 168*1 log= 2-21246,39610 

Hoo =161-9 log= 220924,68488 162*1 log= 220978,30148 

log (1 4- i) = 0-00267-42355 x 144 log(l-ft)= 0-00267,09462 x144 

log (1 + 1)'^= 0-3850899 log (1 -|- 1)"^= 03846163 

log(l + l)-i**= 9-6149101 log(l+t)"^^= 9-6153837 

log{(l + t)»^— 1}= 0-1644682 log {{1 + 1)^^-1} = 0-1686626 

log floe = 2-2092468 log flop = 22097830 

log flii4^ = J^9786161 logfln4|= 1*9788192 

flfMI = 95-19521 fli44| = 96-23995 

96-23996 96-23996 006176652 

96-19621 96-23810 006169031 

4474 186 7621 816 

-006169081 

The rate very nearly is -006169346 
Preof.— log 1 006169346= 0-00267,10820 x 144 

log (1 +t)"*= 0-3846358 

log (1-f !)"»**= 9-6153642 

log { (1-f t) "^" 1 } = 0-1536857 

Colog l = logfl«= 2-2097609 

log fll44l = 1-9788108 

fli44| = 95-23812 

True value = 96-23810 
Error = -00002 
Example 8. — ^The present value of £1 per fortnight, payable 
for 10 years (of 26 fortnights each), is £194, required the fort- 
nightly rate of interest 7 

The number of intervals here is 10 x 26 = 260, and 
fl26o!= 194*00000, log fl3flo|= 2*287801 7. 

at 6} per-cent log flio)= 0-8617648 at 6| per-cent log flio|= 0-8692026 
log Factor = 00132310 log Factor = 0*0134889 

log 26 = 1-4149738 log 26= 1-4149733 

log (26 . Siol) = 2-2899591 log (26 . aio|) = 2-2876648 

log, (1 + «) X A= *0023317 loge (1 + 1) X ^= -0023769 

Log flgeoi being =2*287801 7, it is evident that the rate of interest 
sought for must be contained within the limits of the above two 
approximate rates. We enter the table of reciprocals with them, 
selecting fl«=422*6=l : 002366304, flao=422*4=l : 002467424. 
In the present example it is more convenient to compute log (1 + i) 
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by the direct process given in the introduction to Mr. Gray's tables^ 
and^ as the multiplier is large^ we require to use 10 places in order 
that the seventh may be true after the multiplication is effected. 

log 1 002366304 = 0-001020 isss x 260 log 1 002367424 = 0-0010209440 x 2«) 



log ( 1 + i) *» — 0-26G8793 
log a^ = log 422-6 = 2-6259295 
log {a^ . r"») = 2-3590502 
fl^.t;»>= 228 5863 


log ( 1 + i)^ — 0-2670054 
log flr« = log 422-4 = 2-6257239 
log (fl« . r») = 2-3587185 
flr^.t;»o=:228-4118 


flx =422-6 




fl«=422 4 


tf j,^, = 194-0137 




a^ = 193-9882 


194-0137 194-0137 
193-9882 1940000 


•002367424 
•002366304 




255 137 


1120 


602 
•002366304 



The exact rate is -002366906 
Proof.— log 1 002366906= 0-0010267196 x 260 

log (1 + i)^= 02669471 

log (1 + 1)"^= 9-7330529 

log{(l-f-t)*»— 1}= 9-9289298 

Colog t = log flao = 2-6258190 

log fl26di = 2-2878017 

flTggo =1940000 , the true value. 

It may here be mentioned that the ratio between i and loge (I + 
is always uniform at the same rates of interest^ for any subdivisions 
of each, for example, •01219754x 102i797=05 x i=0125=J x t 
at 5 per-cent, also -02382756 x 1049206= 10 x J = -025=J xt 
at 10 per-cent.* But the annuity-values obtained from a^ 

m 

X 1 ,^ . .. X m, arc the annuity-values at rates of interest 

log^(l-l-i) ^ 

1 
= {(l4-«)'»— 1} payable momently. We may subdivide i by 

taking the mth part of it, but we can subdivide (l+t)onlyby 

extracting the mth root of it. From this it will be seen that the 

■ 

ratios involved in the annuity-values obtained from a^ x , 7^ — - 

... log,(l+i) 

X m, diminish according as m is increased, and they thus preserve 
the closeness of their approximation to annuity-values obtained 
from rates of interest equal to log«(l-|-t)-5-m. For example, 
(referring to Ex. 8), at 6^ per-cent {{l + «y»-l} = -002334437, 
and at the same yearly rate of interest loga (1 + t)^= -002331716. 

♦ Vide the examples on p. 41 2. 
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Computing directly the annuity-value payable momently from 
these two fractional rates^ we have 

log (1-f i)*»^^=log (1 + ty^= 0'2632894 =log 1'002334437«» 

log (1 +«)""= 9-7367106 
log { (l-f i) »'^— 1 } = 9-9209242 

Colog {log^ (1 + 1>'^} = 2-6323243 = Colog -002331716 
log ^260)' = log (26 . aioi) = 2-2899591 , as before. 

But the ratio between t and loga(lH-t) has diminished, for, 
at 6i per-cent payable yearly, it is =.-^«ff^=l 0309343, while 
at the same rate payable fortnightly, it is =: gg|ggf ^^^ = 1-001167. 

What definite meaning may we attach to rates of interest pay- 
able momently which we know to be impossible ? It is suggested 
that they are the sums of the particles of interest, which, if improved 
in their respective ratios as they accrue, would exactly amount to 
the eflFective rates at the end of their intervals.* 

The method of finding the -rate of interest involved in amounts 
of annuities, is the same as that already exemplified, except that 
the proportional part is now to be subtracted from the larger rate. 

Example 9. — £39,636 is the amount of an annuity of jE50 for 
68 years, required the rate of interest ? 

39636 : 50=79272, so that we have s^=792'72. Inspection 
of Oakes^s table shows the rate to lie between 5| and 5| per-cent. 
The first approximation is as follows, namely, . 

at 5| per-cent 568j = 808-91 808-91 

„ 5| „ „ =761-36 at the required rate 792-72 
DiflFerence 47-55 1619 

whence the approximate rate per-cent is 5*875— |^-^. J =5-8324. 
Entering the table of reciprocals with this rate, we find a^l7'14! 
= 1 : -05834306, a«, = 1715=1 : -05830904, and observing that 
we have now to find the amount of an annuity by the formula 
^=fl«(l + t)"— flao, we operate as formerly — 

H-fl3, = 18-14 log =1-26863,72827 18*15 log = 1-25887,66294 

««, = 17*14 log = 1-28401, 08176 17*15 log = 1-23426,41244 

log (1 -h t) = 002462,64651 x 68 log (1 + Q = 0-02461,25050 x 68 

log (1 + 1)«= 1-6745996 log (1 + i)**= 16736503 

log ao, = 1-2340108 log fl«, = 1-2342641 

log fl« (1 H- 0®= 29086104 log fl«> (1 + «)*= 2-90791 44 

flco(l4-i)"= 810-2838 fl«(l+t)«= 808-9364 

fl« = 1714 ff 00 = _i^ll?__ 

= 7930988 ««8!= 791-7864 



* I am indebted to Mr. George King for the suggestion to compute the 
momently f ncton. The particular application of them given in the present paper 
iB^original. 
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7980938 793-0938 '05884306 

791-7864 792-7200 -05830904 -05834306 

1-3074 -3738 :: 3402 : - 973 

-05833333^ the exact rate. 

Proof.— log 1 05883883 = 0-02462^736 x 68 

log (1 -I- i)^= 1-6743282 

log { (1+ i)«— 1 } = 1-6660366 

Colog t = log floo = 12340832 

log gg|j = 2-8991198 

s^^ 792-7200^ the true amount. 

Example 10. — The amount of an annuity of £20 for 80 years 
is £1^600^ required the rate of interest ? (Baily's Doctrine of 
Interest, p. 122.) 

1,600 : 20=80. We have here 8§o\=SO. Referring to Oakes's 
table, we have 

at 6^ per-cent «80|=^S2 ^^ 

„ 6 „ „ =79-06 at the required rate 80-00 
Difference 1-76 -82 

And the approximate rate per-cent is 6*125— ^^.|=6'0668. 

Entering the table of reciprocals with this value, we find 
fl«16-48=l : -06067961, ii«16-49=l : 06064281. Working as 
before, we have 

l + a<„ = 17*48 log= 1-24254^1428 17'49 log= 1-24278,9809 

a»= 16-48 log= 1-21695,7207 16*49 log= 1-21722,0656 

log(H-i)= 002558,4221x30 log(l-ft)= 0-02556,9163 x80 

log (1 -f i)*>= 0-7675266 log (1 + i)*»= 0-7670746 

logg,o= 12169572 loggao= 1-2172207 
log «« (1 + i)^= 1-9844838 log «« (1 + 1)*»= 1-9842958 

flao (1 +»)**= 96-49038 fl« (1+ 1)»=96-44846 

g,o= 16-48 g^= 16-49 

^3Qj = 8001033 «30] = 79-95846 

80-01033 80^)1033 -06067961 

79- 95846 80-00000 -06064281 -06067961 

5187 : 1033 : : 3680 : 738 

-06067228, the exact rate. 
Proof— log 1*06067228= 0-02558,i2i90 x so 

log (1 + «)"•= 07674366 

log{(l + i('*— 1}= 0-6860803 

Colog 1= log a«= 1-2170097 



log «30| = 1-9030900 

«§ol= ^'00000 , the true amount. 
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Baily gives '060672284 as trae in the last place^ and he remarks^ 
at p. 123^ in reference to his method of finding the rate of interest 
in amounts of annuities-certain^ — ^^ Though the operations may 
appear tedious and intricate^ there is no mode by which they can 
be simplified or abridged/' 



APPENDIX. 

Safes of Interest, payable momently, with Factors for transforming 
Annuity-values, payable yearly, into the like pay abld nfomen fly. 



II 

lOOt 
2i 

it 

2J 

2J 
3 


Momeiitly 
Rates. 


Momently 
Factors. 


lOOi 

2* 
2* 
2i 
2i 
3 




low 

6J 
6« 
61 
61 
6i 


Momently 
Bate*. 


Momently 
Factors. 


lOOt 

ei 

6f 
64 
61 

6i 


Log^(l + 




Log«(l+») 


• 


Log^a+o 


.LQge(l + ») 


•024692,612 
•025911,382 
•027128,668 
•028344,474 
•029558,802 


101244,86 
10130633 
101368,78 
101430,71 
101492,61 


•060624,622 
•061800,401 
•062974,799 
•064147,820 
•065319,467 


103093,43 
103154,67 
103215,89 
103277,09 
103338,26 


3* 
3i 
3* 
3* 
31 


•030771,669 
•031983,046 
•033192,967 
•034401,426 
•035608,428 


101554,49 
101616,34 
1^01678,17 
101739,97 
101801,74 


8* 

H 
31 

Si 

31 




61 

7 

n 
n 

71 


•066489,742 
•067658,649 
•068826,191 
•069992,373 
•071157,196 


103399,41 
103460,54 
103521,64 
103682,71 
103643,77 


61 

7 

7* 
7i 
71 


8J 

4 

4i 


•036818,973 
•038018,068 
•039220,713 
•040421,915 
•041621,675 


1^01863,50 
101925,22 
101986,93 
1-02048,61 
102110,26 


3i 

3J 
4 
4i 
41 




n 

71 
7J 

7t 
8 


•072320,661 
•073482,776 
•074643,543 
•075802,965 
•076961,039 


103704,80 
103765,81 
103826,79 
103887,76 
103948,70 


74 
74 
7f 
7i 
8 


41 
H 
*t 
4i 
4J 


•042819,997 
•044016,885 
•046212,343 
•046406,373 
•047598,979 


102171,89 
102233,49 
102295,08 
102356,63 
1-02418,16 


4# 

4* 
41 
4} 

4J 




8t 

81 
8i 
8» 


•078117,778 
•079273,182 
•080427,248 
•081579,986 
•082731,396 


104009,61 
104070,50 
104131,38 
104192,22 
1^04263,05 


84 
8* 
81 
84 
84 


6 
H 


•048790,164 
•049979,933 
•051168,288 
•052355,281 
•053540,767 


1-02479,67 
1*02541,15 
102602,61 
1-02664,05 
1-02725,46 


5 
6i 

3 

6i 




8f 
8i 
9 

9* 
H 


•083881,486 
•085030,249 
•086177,698 
•087323,829 
•088468,649 


1-04313,84 
104374,62 
104436,37 
104496,10 
1-04556,81 


8J 

84 

9 
94 

H 


61 

6} 

6i 

6 

6i 


•054724,900 
•055907,632 
•057088,967 
•058268,907 
•059447,458 


102786,85 
1^02848,21 
102909,65 
1^02970,87 
1-03032,16 


6f 
5* 
6i 
6 

6i 




9* 
9t 
91 
9i 
9t 
10 


•089612,159 
•090754,364 
•091895,264 
•093034,866 
•094178,170 
•095310,180 


104617,50 
104678,16 
104738,80 
1-04799,42 
1-04860,01 
1-04920,59 


94 
94 
94 
9* 

94 
10 
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log 10 (l-08)-012^7,224v705,172,205,171 
M X 029-012^94,639,975,194,303,002 



I give an example of the formation of log^ (1 + 1) from log io(l + 1) 
by means of a manuscript table of the first thousand multiples of 
M^ the modulus to base 10^ to 33 places^ by Mr. Peter Gray : — 

log, (1 + =029,668,802,241,644,402,783. 

Further examples of the use 
of this table, which it is very 
desirable to have printed, are 
given by Mr. Gray in vol. xxii 
of the Journal of the Institute, 
pp. 351, 352. 

By means of this table, and 
Wolfram^s table of natural logs, 
appended to the Thesaurus of 
Vega, logs 10 for all numbers from 
1 to 10,000, are readily known 
to 33 places. 





242,684,729,977,902,169 


Mx658- . 


242,336,320,902,014^520 




348,409,076387,649 


Mx802- . 


. .348,304,174,486,408 




10^901,401,241 


Mx241» . 


. . . 104^664^970,139 




236,431,102 


Mx644- . 


.... 236,266,198 




174^904 


Mx402- . 


174,686 



318 
Mx738- 318 



SUPPLEMENT. 

Since the preceding paper was written, it occurred to me to apply 
the tables of Henry Gkx>dwyn to form annuity-values, and to find 
the rate of interest. 

These tables, — namely, A Tabular Series of Decimal Quotients 
for all the Proper Vulgar Fractions, of which, when in their lowest 
terms, neither the Numerator nor the Denominator is greater than 
1000, Part I (all published), and A Table of the Circles arising 
from the Division of a Unit, or any other whole number, by all the 
Integers from 1 to 1024, — ^both London, 1823, may, very con- 
veniently, be used instead of reciprocals, when it is required to find 
a rate to many places, on account of the facility whereby the 
necessary elements may be obtained from them. In the Tabular 
Series we have upwards of 30,000 vulgar fractions, with their 
equivalent decimals, from ^^=-001 to t^= -09989909,* &c., 
and by means of the Table of Circles the decimal quotients may 
be extended, without computation, as far as we please. 

Denoting by D the denominators, and by N the numerators, 
of the fractions, we have t=N :D, ««,=!) :N, (l-f-i) = (D + N) :D, 
consequently, logf =log N —log D, log «« =log D— log N=colog t, 
log (1 + f) =log (D + N) — log D ; and as the terms of the tabulated 
fractions are less than 1000, their logs may be obtained to twenty 

* There are 990 figures in the period of thii drcalating dedmaL 
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places, if necessary, from the tables of Hutton or Callet. To obtain 
the anti-logs, recourse must be had to the tables of Mr. Peter Gray. 
The anti-logs are most easily formed by taking the first three 
figures from Hutton or Callet, and the remaining triads from 
Gray, which may then be multiplied together by means of Crelle's 
table without mental effort. For a numerical illustration, let us take 
Example 6 of the preceding paper. We there found ^31]=: 16*227, 
and t= '052052 approximately. From Goodwyn's tables we 
obtain ^= -052050,47818,61=1, floo = 1921212,12121,21, and 
TJ^ = 052048,72646,78 = I, a« = 19-21276,59574,47. With 
these elements we operate as before. 

Example of Annuity-values and Mate of Interest to twelve places. 

D + N = 950, log= 2-97772,36052,88848 667, log= 2-82412,58339,16649 

D 903, log= 2-95568,77508,13506 684, log= 280208,92578,81783 

log (1 H- 1) = 002203,58549,76342 x 81 002203,65760,84816 x 31 

log (1+0"= 0-68311,15042,36 0-68dl8,38570,79 • 

log ffco = 1 28358,98928,78 1-28357,53180,04 

log (floo . t^'O = ^;60047,8388J,42 060044,14609,25 

fl^.r»»= 3*9854«,93892,i8 8-98512,05277,49 

flop = 19-21276,59574,47 19-21212,12121,21 

a^ = 16-22780,65682,29 16-22700,06843,72 

-22780,66682»29 -22730,66682,29 -062050,47318,61 
-22700,06843,72 -22727,27272,73 -062048,72646,73 

80,58838,57 3,38409,56 1,74671,88 19324,54 

-052048,72646,73 

The rate to twelve significant figures, is very nearly = -052048,91971,27 

Proo/.— log 1052048,91971,27= 0-02208,59347,4863 x31 

log(l+t)**= 0-68311,39772,08 

log t;»'= 1-31688,60227,92 

t;9i= 0-20743,69044,00 

1— 1?*'=: 0-79256,80966>00 

log(l— 1;*0= l-89903,38462,59 

Colog • = log fl„ = l-28358>82799,42 

log ^811= 118262,21262,01 

<l8il = 15-22727,27268 

True value =15-22727,27273 
Error= -00000,00006 

It will be observed that the value of t here found is slightly too 
great, but it gives an annuity-value differing from the true one by 

2 F 2 
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only 5 in the twelfth figure. It differs by a unit in the tenth 
figure from the rate found by Thoman in his Example No. 59^ 
which^ although less exact than that above founds proves the 
remarkable closeness of the result obtained by the method of 
approximation given by that eminent mathematician in pp. 47^ 48, 
of his Theory of Compound Interest and Annuities. 

It may be mentioned, in justice to his memory, that an erro- 
neous numerical solution to Example 104, is substituted, in the 
2nd edition, 1872, and in the 3rd edition, 1877, in place of the 
correct one given by Thoman in the 1st edition, 1859.* Other 
alterations may also be noted, which, apart from the correction of 
obvious misprints, it is probable the distinguished author, if living, 
would not have sanctioned. 

A table, occupying two 8vo. pages, by M. Achard, to find i by 
a simple operation, without tables of annuity-values, giving values 
of t usually correct to four figures, may be seen in M. Charlon's 
Thiorie Mathimatique des Operations FinandhreSj 2nd edition, 
Paris, 1878. 



The Theory of Constant Coefficients, By the late John Natlo&. 

[This paper is extracted from a manuscript Treatise on Life Contingencies, 
written many years ago (probably not less than 60) and recently acquired by the 
Institute. It appears from this treatise that Mr. Naylor made extensive use 
of the fomiulaa here obtained, in calculating the yahies of complicated con- 
tingencies.] 

(1) In the following investigation, the accentuated charac- 
teristics, 2'tt«, A'tt;p, A'*Mj, .... A'^ttjp, respectively denote the 
integral and the successive orders of differences of the Ainction 
Ux, when the increment of the variable x is h; whilst the 
unaccentuated characteristics, Xu^., Ati^, A^^. .... A*ii«, have 
corresponding significations when the increment of the variable is 
unity. Thus, if ttar=a?(a7— A), 

S t*x=S ^(a:— A)= -^ ^ ' +const.; 

* A French translation from the English edition of 1859, with additional 
matter and amplification of many of the formulas, was published at Paris in 1878 
by Ghiuthior-Villars. This excellent edition contuns a prefatory memoir of 
M. Thoman, by Monsieur J. Bertrand, Secretaire Perp^el de rAcad&nie des 
Sciences, and author of very >'aluable works on the Differential and Integral 
Calculus. 
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whilst 2tf,=2ar(a?— A) =2{ar(a?— 1) — (A— \)x) 

=-J^(ar— l)(a?-2)— J-(A— l)^(a?— l) + con8t. 

So also A'tfx=t*,+;^— t<j.= (a?+A)a:— j?(a?— A) = 2Aa7, 

whilst AllJ.=llx^.l— ttjf=(a?+l)(ar+l— A)— a:(a?— A) = 2a7+1— A; 

and A'=»ii,=A'tt,+A-A'ua,=2A(^+A)— 2A;r=2AS 

whilst AV=Att,+,— Atix=2(a?+1) + 1-A— (2^ + 1— A)=2, 

(2) If SmU;r=i'o+tfi+Ua+ • • • +tfm^ that is^ if Sm^af represent 
the sum of a series obtained by substituting in Ux^ 0^ 1^ 2^ .... m 
successively for x, we have, according to the principles of the 
Calculus of Differences, Smti«, or the sum of the series in question, 
equal to %Ug^%u^^ (m + 1) being substituted for Xy and for x', 
after the integration. In every case in which the theory about to 
be investigated is intended to be applied, the integral Stv will 
contain the factor x', and will consequently vanish after the 
substitution. The sum of the series, S^t^x^ m&y always therefore 
be obtained by integrating the function u^, and substituting 
(m + 1) for x after the integration. 

(8) If ^'t be the generating function of u^, t'<f>'t will be the 
generating function of Uq, Let <f>t=t^<f>'t ; then we have the 

generating function of Ug,=<f>tT^, and the generating function 
of 8m^»f or of tto+tti + tta . . . +«*+««+!+ • • • +««»j 

and, substituting (^+ jk ^^J ^^^ 7 > 

= if>t8n, (l+ Jj-lY. .-. substituting in (H- J^ -1/, 0, 1, 2, 

. . . . m successively for x, and developing in powers ^^ ( Jh~^^j9 
we have the generating function of Sm^x equal to 

^/{A,+A,(i-l)+A,(Jj-l)%...+A,(i-l)''+...} . . (a) 

But this last expression is, according to the theory of generating 
functions, equal to the generating function of 

Aotio+A,A'tto + A8A'*<io+ . . . +ArA'''«o+ . . . .; 



422 The Theaiy ofCmuimi CoefficiaUs. [Oct. 

henoe^ as qoantities wliich baye the same genentiiig fonctions 
must necessarily be eqnal^ we have 

8«u,=Aoiio+A,A'ao+A,A'*i«o+ . . . +ArA'''iio+ .... 08) 

(4) In order to find the valnes of the coefficients Ao> A]^ 

-^ — Ij in the 

development of Sg^ Tl + -j — 1 J* , after substituting 0^ 1^ 2, ... m 

successively for x ; and consequently is^ according to the binomial 
theorem^ equal to 

ja-')a-'')-a-^ ') 

1.2.0 r 

= 1^278^— ^,S«:r(ar-A) (^-2A) .... {;r-(r-l)A} ; 

that is, by § (2), 

^" OTsT.TrA'"^^'^""*^^^'"**^ ' ' • {a?-(r-l)A} ... (7) 

substituting (m+ 1) for ;r after the integration. 

(5) In the application of this theory, m will always be taken 
so as to be a multiple of h, and consequently m=nh, n being a 
whole positive number, whilst u^ will always be assumed to be 
a rational integral function of x, with the nth order of differences 
constant. Hence the equation (/8) will become 

Smtia»=AoWo+AiA'tto+AaA%+..+ArA'*-tto+..-|-A»A'*tto . . (S) 

and the values of the coefficients Aq, Ai, As, . . . A^ . . . A«, will 
be determinable by the formula (7). 
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(7) In the foregoing investigation^ it is evident that^ when n 
and h ai*e given, the coefficients Ao> A^ As . . . . A^, and con- 
sequently ko, ki, k^ . . . . kny are given, being given functions 
of n and h, and altogether independent of the quantities Uq, Uh, 
ti9% . . . . Unh, which may be of any finite magnitude, although, 
being rational integral functions of x with the nth order of 
differences constant, they must necessarily be of the form a-\'hw 
+ car*-!- .... -Vgoif^. For this reason, io, ^i, Aa, . • . . i», are called 
Constant Coefficients. 

(8) Since Sfl,tt;r=tto+tti + «2+ .... +ttiii-a+i««-i+«*« 

-f *n-lW(n-l)* + *»W»;i . . . • (c) 

we have S«rj.=t;o+ri + ra4- .... + t^m-a+t^w- i + t'w 

and making rx=ttm-«> we have 

+ *«-!«* + A:„tto (€') 

and subtracting from each other the identical equations (e) and (e^), 
we have 

+ (*i»-a— *2)(tt(ii-2y^— Wafc) + =0 . . . (i;) 

whatever be the values of t^, ti^ . . . ., u„a. Now, since tf « is a 
rational integral function of the form a + Aa?+cj:*+ • . . . H-^a?*, 
the coefficients a, &, c, . . . . ^ having any values whatever, it is 
evident that these coefficients may be so taken that, whilst u^^u^ 
is of finite magnitude, m<»-i)a— wa, W(»-2)*— WaA> .... will be each 
=0, in which case the equation (97) will become 

(*»—*o) («*»*— «o)=0, .-. A»— *o=0j and *o=*» . . (.9) 
In like manner it may be shown that 

A, = ^_,^ As=A:»_.2, and generally that ir=A«-r • • {^') 

T being any whole number not greater than n. 

(9) It is thus evident that, if we have a series 

Ug being a rational integral function of x with the nth order of 
differences constant, then by multiplying the equidistant tei*ms 
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^> ^^j t^ • • • • ttnA by the constant coefficients k^, ki^k^. . . , k^, we 
should obtain the exact sum of the series. 

Hence^ if (n4- 1) equidistant terms only of a series be given^ we 
may^ by multiplying each of these by the proper constant coefficient^ 
obtain the sum of the entire series^ precisely the same as if the 
intermediate terms were interpolated by the method of differences 
(taking in each case n orders of differences into account) and the 
whole added together. So also^ if t<x be a function of any nature 
whatever^ and (n + l) equidistant terms^ iio> t<A^ t<i4 • • - - t<ia> of the 
series ^nt^x be given, then, if the intermediate terms could, with a 
sufficient degree of accui*acy, be interpolated by the method of 
differences (taking the nth difference into account), the sum of the 
series might be obtained without such interpolation, by merely mul- 
tiplying each of the given equidistant terms by a known constant 
coefficient; and the result would be precisely the same as if the 
interpolation were actually effected and the terms all added together. 
Now, as the function u^,, in every case in which it is intended 
to apply the theory, is always of such a nature that the interpo- 
lation in question may safely be effected, that is, none of the terms 
so interpolated would be affected with any material error ; and as 
such small errors, if any, would be sometimes in excess and 
sometimes in defect, and consequently in summing up the series, 
destroy each other ; it is evident that the final error, or the eiTor 
in the sum of the series obtained by multiplying a few of the 
equidistant terms, each by a proper constant coefficient, would be 
so small, when the system is judiciously applied, as not significantly 
to affect the result. 

(10) It is to be observed that, in order to obtain the sum of a 
series by means of the formula 

S«»ttj, =*oWo +*!«*+.... +*i»t««A .... (e), 

m is always taken =^nh'y that is, m must be a multiple of n and A. 
But in the great majority of cases to which the system is intended 
to be applied, ^m^x is continued until Ux ceases to have a significant 
value, that is, Um=0. Hence the series may be assumed to be 
continued indefinitely, each of the terms beyond the mth being =0, 
and in fact to contain (m' + l) terms, in which m' may be any 
number taken at pleasure, — ^not less than m; and consequently 
the formula (e) may always correctly be applied, if nh be taken 
= or > w. 

(11) In the practical application however of the system, it is 
necessary to adopt given values of n and A, that is, it becomes 
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necessary to resort to tables of constant coefficients^ computed first 
by giving a numerical value to n and afterwards to h. 

If n be taken =3, or the third order of differences of the 
function u^ be considered constant, we have m=3A; if n=4, or 
the fourth order be assumed constant, we have m='4ih; if 7i=5, or 
the fifth order be taken as constant, we have m=5A. The values 
8, 4, and 5, are all the values of n which have been adopted in the 
construction of the annexed tables. 

Having taken these values of n, and obtained (in each of the 
three cases) expressions of the values of ko, ki, &c., .... in terms 
of h only, we have next assumed values of A from A=5 to A =10, 
calculated the numerical values of ko, Ai, &c., . . . ., and arranged 
the results in tables. Table I exhibits the several values obtained 
when m=:3A, Table II the corresponding values when m=4A, and 
Table III similar values when m = 5A. 

(12) It is thus evident that, in the practical application of the 
system, as the values of n and A are limited, nh cannot always (as 
directed in § 10) be taken equal to or greater than m. But, since 
we have generally 

S2mW*=M0 + tti+ .... -hW|» + tt,„-htt,„+|+ .... +Wam — tt„ 

and S«tij,=AoWo + Ait^A+ .... +Aji-itt(»-i)fc-f *»««* . . . (c) 

= AoUo+Ai«;i+ .... -f AiW(n-l)* + Aott|tA .... (.J') 

we have 

Si»Ua,=*otto +*!«*+ +*itt(n-J)fe+(2Ao— l)t«iiA + *i«(«+i)|k 

+ . . . . +Aitt(jn-i>A + Ao«««»A (X) 

and generally that 

+ ..•.+ (2Ao— l)Ma»fc-f AiM(2«+i)A+ +(2Ao— l)«3jiA 

+ . . . • +(2Ao — l)W(».-l)nA+ • . . . +k^rnh . . • (/i) 

It is thus evident that, by resorting to the formula (/i), the 
computed coefficients in the tables may be universally resorted to 
for the summation of a series, however great the number of terms 
it may contain. 

We now proceed to deduce the general expressions of the 
values of A^, Ai, Aj, As, A4, and Aa from the formula (7) ; then 
substituting in these expressions 3, 4, and 5, successively for n, 
and determining the expressions of the values of Ao, Ai, A3, . . . , 
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by means of equation {^, we obtain the formula firom wbich the 
values in the tables hare been computed. 

(13) Since Ar= :^-Y^tx{x-h){x-U) . . . {x-{r-\)h}, 

substituting (m+ 1) =:nA+ 1 for « after the integration, we have 

A4,=2a:<'=a:=m+l=nA+l ; 

. _ 1_, 1 x{x— 1) _ (m+l)re _ n(nA+l) 
'~A**~A 2 ~ 2A ~ 2 ' 

^= i;^,2»(*-A)=^,2{*(;c-l)-(A-l)x} 

_ 1 f ar(ar-l)(j:-2 ) ^^ ,^ a:(ar-l) ) 
~2AM 3 ^ ^ 2 ) 

_ n(nA+l) ( nh — \ _ A— 1 ) 
~ 2A t 8 2 ) ' 



= ^,2{x(a:-l)(*-2)-3(A-lHar-l) + (A-l)(2A-l)ar} 
_ 1 ( x{x-\){x-%){x-Z) . x{x-l){x-2) 

+ (A-l)(2A-l)fci^} 

= 2^,2W^-l)(*-2)(;r-3)-6(A-l)*(:r-l)(;c-2) 

+ (A-1)(11A-7H«-1)-(A-1)(2A-1)(3A-I)ar} 

_ 1 ( x(x-l){x-2){x-S)(x-4>) . a?(j?-l)(j?-2)(a?-3) 

~24a4 5 ^ ' 4 

+ (A-l)(llA-7) ^^^~y~^^ -(A-l)(2A-l)(3A-l)^^^^} 

_ n(nA+ 1) f (nfe-l)(BA-2)(nA-3) _ 8(A-l)(nA-l)(nA-2) 
~ 24A» 15 2 

. (&-l)(lU-7)(nA-l) (A-1)(2&-1)(3A-1) ) 

"*" 3 ~ 2 r 
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= OT.2W^-l)(*-2)(*-8)(^-4) 

-10(h-l)x(x-l){x-2){x-3)+5{h-l){7h-S)x{x-l)(z-2) 
-5{k-l){2h-l){5h-S)x{x-l)+(k-l){2h-l)(8h-l){4Ji-l)xi 

_ 1 ( x{x-l){x-2){x-3){x-4>){x-5) 

~ 120A»l 6 

-10{h-l)x{x-l)ix-2){x-S){x-4,)-i-5 

+ 5{h-l){7h-5)x{x-l){x-2){x-S)-i-4> 

-5{k-l){2k-l){5h-S)x(x-l){x-2)-i-3 

+ (h-l){2h-l) (3A-1) (4A-l)ar(a;-l)-f-2} 

_ n(n&+ 1) f (n^-l)(n&-2)(n^-8)(n^-4) 
~ 120A* t 6 

-2(&-l)(n;i-l)(nt-2)(nft-3)^-^^^-^><^'^-^y*-^><"*-^> 

4 

)• 

In like maimer the values of A«, A;, A«, A^, &c., might, if 
required, be determined. 

(14) First, let n = 3, that is, let the function u^ be assumed such 
that the third order of differences is constant ; then substituting 
3 for n in the above general expressions of the values of A*, Ai, Aj, 
and As, ve have 

A«=3&+1; 

3(3t+l) . 
A,- 2 ' 

_ 3(3^ + 1) (3&-1 ft-1) (3A+1)« 
^~ ~2h (3 2 )~ 4A ' 

^^^ 8W|(8^-lK3^-2) _(,_i)(3^_i)^ (^-lH2^-l) | 

_ (8&+l)(ft+l) 
~ Sh 



5ih-lX2h-l)(5h-S){nh-l) (h-l){2h-l){Bh-l){4>h-l) 

8 ■" 2 



Hence we have 

. i_A_(!A±l)(A±l) 

ivO— '^S — As— qT 



(«) 



A:|=As=As— 8As= gT • . • • (a') 
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From the two formulas [a) and (<?'), the values of *o=A3, and 
*i = *2f in Table I have been computed. 

(15) Secondly, let w=4, that is, let the function u^? be assumed 
to be such that the fourth order of differences is constant ; then 
substituting 4 for n in the above general expressions of the values 
of Ao, A|, Aa, A3, and A4, we have 

Ao=4A+l j 

A.= 1(^=2(^+1), 

. 4(4A+1) / 4A-1 h-l\ _ (4A+1)(5A+1) 
* 2A 1 8 2 i~ 8A ' 

_ (4A+1)(2A+1) 
8A ' 

. _ 4(4A+l)( (4A-l)(4A-2)(4A-8) _ 8(A-l)(4A-l)(4A-2) 
'^ 24A» i 6 2 

(A-1)(11A-7)(4A-1) (A-l)(2A-l)(8/i-l) ^ 
8 2 > 

_ (4A+1)(2A+ 1) ( A+1)(7A-1) 
~ 186A» 



Hence we hare 

A,=A,=A,-4A,= (4A + 1)(2A + 1)(4A-1)(2A-1) 

__ (16A«-1)(4A«-1) 

"■ 45A» .... 



• • 



(6) 



(A') 



*.=A,-8A.+6A.=.(ii±lH^^l)fel) 

_ (16A»-1)(A«+1) 

~ 80A» ■ ■ 



(O 



From the formulas (i), (6'), (A''), the values of *o=*4^ *i = *8i 
and A3 in Table II have been computed. 

(16) Thirdly, let n = 5, that is, let the function Uj, be assumed 
such that the fifth order of differences is constant ; then substituting 
5 for n in the general expressions of the values of Aq^ A]^ As, As^ 
A4, and A5, we have 



\ 
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Ao=6A+lj 

5(5A+1). 

_ 5{5h+l) (5h-l A-1) 5(5A+1)(7A+1) 
*~ 2A I 8 2 }~ 12A 

^^5(5A+l)|(5A-lK5A-2)_^^_^^^g,_^^^(A-l)(2A-l)| 

_ 5(5A+1)(8A + 1) 
~ 8A ' 

_ 5(5A+l) f (5A-l)(5A-2)(5A-8) 8(A-l)(5A-l)(5A-2) 
^~ 24A» I 5 2 

(A-1)(11A-7)(5A-1) _ (A-1)(2A-1)(3A-1) | 
■^8 2 i 

_ ( 5A + 1) (S SA* + 55A* + 5A - 1) 
~ 144A» ' 

A _ 5^+1 f (5A-l)(5A-2)(5A-3)(5A-4) 2(A-l)(5A-l)(5A-2)(5A-8) 
*~ 24A* 16 1 

5( A-l)(7A-5)(5A-l)(5A-2 ) _ 6(A-1)(2A-1)(5A-8)(5A-1) 
"4, 8 

(A-1)(2A-1)(8A-1)(4A-1)) _ (5A+1)(A+1)(19A«+6A-1) 



+ 



■'' " 2 " '\~ 288A» 

Hence we have 

L _. _ . _ (5A+1)(A+1)(19A»+6A-1) 
#o-*5-A5- ^88^1 • • W 

l-k-A r. {5h+l)(5h-l){5h'-l) 

_ (25A«-1)(5A«-1) , ,. 

96A» ^ ' 

A.=A.=A3-4A.-M0A.= i^Mm-l)i5h'+l) 

_ (25A«-1)(5A«+1) „ 

144A» ^"^ ' 

From the formulas (c), (c'), (c"), the values of ko — kt, ki=k4, 
and Aj=A3j have been computed. 



432 



The Theory of Constant Coefficients. 



[Oct. 



Tablu I. — ^rd Differences Constant* 



h 


(3A + 1) (A + 1) 
8A 


(3* + l)(3A-l) 
8A 




h 


^0=»*8 


Log^o-^Log^a 


*i«*, 


Log^i-Logirs 


2*0-1 


Log(2iro-1) 


5 
6 

7 

8 

9 

10 


24 

277083 

3-14286 

3-515625 

3-88889 

4-2625 


•3802112 
•4426104 
•4973246 
•5460025 
•5898255 
•6296644 


66 

6-72917 
7-85714 
8-984376 
1011111 
112375 


•7481880 
•8279613 
•8952647 
•9534870 
1-0047989 
1-0506697 


3*8 

4-54167 

5-28571 

608125 

6-77778 

7-5250 


-5797836 
•6572146 
•7231027 
-78ai073 
•8310873 
•8765065 


6 
6 
7 
8 
9 
10 



Table II. — i^th Differences Constant. 



h 


(4A + 1)(2* + 1)(A + 1)(7A-1) 
180A» 


(16A«-1)(4A«-1) 
45A' 


(16A2-1)(A2 + 1) 
80A> 




k 


A:o=*4 


LogAro 
= Logl:4 


h-h 


Log*i 
-Log*, 


^ 


Log*a 


2*0-1 


Log(2*o-1) 




6 
6 
7 
8 
9 
10 


2^0944 

2-39905 

2-70554 

301318 

33216 

363055 


•3210596 
•3800390 
•4322539 
-4790256 
•5213470 
•5599724 


70224 

8-45936 

9-89213 

11-32227 

12-75065 

14-1778 


-8464856 

•9273376 

•9952897 

1-0539333 

1-1055323 

1-1516089 


2-7664 

3-28318 

3-80466 

4-3291 

4-85551 

5-3833 


•4419150 
-5162946 
•5803164 
-6363977 
-6862348 
•7310486 


31888 

3-7981 

4-41108 

502636 

5-6432 

6-2611 


•5036273 
•5795664 
•6445449 
•7012536 
-7515254 
•7966506 


5 

6 
7 
8 
9 
10 



Table III. — bth Differences Constant. 



h 

5 
6 
7 
8 
9 
10 


(5A + \){% + 1)(19&* + 6A - 1) 
288A» 


(26A2-l)(5Aa-l) 
96A' 


(25Ai-l)(5A« + l) 
144A3 




5 
6 

I 

9 

1 


•"©■"^o 


Log*o 
= Log*B 


*l-*4 . 


Log*! 

-=IjOg*4 


*a-*. 


Log*2 
= Log*3 


2*0-1 


Log(2*o-1) 


2184 

2-50809 

2-83382 

3-16058 

3^48804 

381597 


•3392526 
•3993424 
•4523721 
•4997673 
•5425809 
•5816048 


6-448 

7-76046 

9-06997 

10-37762 

11-68404 

12^98959 


-8094250 

•8898877 

•9576059 

1-0160980 

1-0675931 

1-1135956 


4-368 

5-23145 

6-09621 

6-96179 

7-82792 

8-69444 


-6402826 
•7186220 
•7860599 
-8427210 
•8936465 
-9392415 


3-368 

4-01618 

4-66764 

5-32116 

5-97608 

6-63194 


•5273721 
•6038131 
•6690973 
•7260068 
•7764164 
•8216404 
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Mr. Naylor gives the following as examples of his method : — 
Example 1. — Suppose it is required to find the sum of the 

cubes, 13 + 2» + 38+ ^29^ + SQP. Here we have third 

differences constant, and we therefore have to use the figures in 
Table I. Taking A =10, the formula for the sum of the cubes is 

4-2625(03 4- 808) -fll-2375(108-f803), 
= 115,087-5 + 101,187-5, 
=216,225, 

which is the exact sum required, as is easily proved from the fact 
that it is equal to the square of (1+2 + 8+ .. . +29 + 30), that 
is, to the square of 465. 

Example 2. — ^To find the value of an annuity-certain for 50 
years at 4 per-cent interest. This is equal to 

(l+t? + tr»+ -\-v^) — l, 

where t?= 1-04"'; and by Mr. Naylor's method the sum of the 
series within the brackets 

assuming fifth differences to be constant and taking A =10. In 
the actual working, it is not necessary to find the values of t?^^, 

©*", , and Mr. Naylor proceeds as follows, making use of 

the logarithms of the constants given in Table III : — 







(l)+(2) 


AiitilQg(3) 


(1) 


(2) 


(3) 


(4) 


logffi «000000 


log h = 0-58160 


0-58160 


3-8160 


„ «w- 1-82967 


„ Ari« 111360 


0-94327 


87755 


„ «a>- 1-65938 


„ ;tj« 0-93924 


0-59857 


3-9680 


„ t)»- 1-48900 


„ *3- 0-93924 


0-42824 


2-6806 


„ 17*0 « 1-31867 


„ Ar4=. 1-11360 


0-43227 


2-7056 


„ t»»- 1-14833 


„ itc- 0-58160 


1-72993 


-5369 








22-4826 



Subtracting unity from this, the value of the annuity desired is 
21-4826, the correct value being 21*4822. 

Example 3. — Mr. Naylor next applies his method to find the 
value of a 4 per-cent annuity-due upon a life of 10 according to a 
private mortality table which he was in the habit of employing. 
According to this table the separate payments of the annuity are 
of the values set forth in column (2) of the following table, and 
these have to be multiplied by the coefficients standing opposite to 
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them, fifth differences being assumed constant and the interval 
being 10. 



1 
r 


rEio 






LogrKio 




H)+(5) 


Aiiti]og(6) 


(1) 



(2) 




(3) 


(4) 




(5) (6) 


(7) 


1-00000 


^0 


- 3^81597 


0-00000 


LogA-o 


» 0-58160 1 0-58160 


3-8160 


10 


•63489 


ky 


«::^ 12-98959 


1-80270 


» *i 


= 111360 1 0-96130 


8-2471 


20 


•39434 


k^ 


- 8^69444 


1-59587 


M ^a 


= 0-93924 , 0-53511 


3-4285 


30 


•24142 


^3 


» 8-69441 


1-38277 


« h 


= 0-93924 


0-82201 


2-0990 1 


40 


•14467 


^4 


«= 12-98959 


1-16009 


33 h 


=1-11360 


0-27369 


1-8780 


50 


•08070 


2A-0- 


-1- 6-63194 


2-90686 


„ (2*0- 


-1)= 0-82164 1-72850 


•5352 


60 


•03703 


h 


= 12-98959 


2-56851 


9$ kl 


-111360 1-68211 


-4810 


70 


•01051 


A-a 


= 8-69444 


202141 


t* *2 


=0-93924 


2-96065 


-0913 


80 


•00091 


^3 


= 8-69444 


4-9573 


>» *8 


= 0-9392 3-8965 


•0079 


90 


•00000 


kA 


= 12-98959 


6-416 


» *4 


= 1114 5-530 

1 


•oooo 


















20^584O 



The separate payments in column (2), not being necessaiy for 
the work, are not shown by Mr. Naylor, who only uses the 
logarithms given in column (4) ; but we have added them for the 
sake of facilitating comparison with other mortality tables. The 
approximate value of the annuity-due, as calculated by the above 
method, is 20*5840; and Mr. Nay lor states that the true value is 
20*5802. We have also calculated the same annuity-value by 
means of Lubbock^s formula of summation, as follows. Putting 
rEio= Vr, we have. 

Ai A' A' A* A' 

Vo= 1-00000 



-""'ll+um 



— 03693 
-03156 
-02309 



+ .00537 
-00847 



+ -00310 



Vi= •63489 

V,= ^39434 ™ -08763 

V3= -24142 J^?^f -05607 

V,= ^14457 .J^^! -03298 

Y,= -08070 ^^®^ 

V6= 03703 

V7= 01051 

V8= *00091 

V9= -00000 

Sum = 2-54437 

Then, using Lubbock^s formula as far as fifth differences, and 
taking the values of the coefficients from the table on page 813 of 
vol. xviii (n=10), we have, approximately. 
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a,o=10 x2-54487-4i— 825 x •36511—4125 x •12456--261113 

X 03693-184519 x 00537 + 141028 x 00310 
=25-4437 -4-5 

- -3012 

- 0514 

- 0096 

- -0010 
+ 0004 

=25-4437-4-8628 
=20-5809, 

which is nearer the true value than Mr. Naylor^s is. It will he 
observed that, if we stop at fourth differences, the approximate 
value by Lubbock's formula is 20*5805, which is still nearer the 
true value. 



Should the State of Health be taken into account in Calculating the 
Value of an Interest that depends on the Duration of Life ? 

[From the Ijuurance Monitor of New York.] 

A question of entail presenting features of novel interest, arose in 
Scotland some five years ago, and finally after various appeals has 
reached a conclusion in the English House of Lords, the detailed 
facts of which have hut recently been made public through the 
Institute of Actuaries' Journal. The interesting feature of this 
case was the question as to the principle on which an individual life 
should be valued where the party was obligated to accept the value 
of his reversionary interest, and release an entail on demand. Must 
the life for legal purposes be regarded as of average value ? or could 
the physical condition of the reversioner be taken into account P It 
will be seen that the issue involved, concerns not simply life estates, 
but a most important principle in the relation between a life company 
and its retiring members. Policyholders are accepted in this country 
at least on the basis of average lives. May the company fairly regard 
their individual condition when treating with them as to withdrawal, 
or should all individual circumstances be ignored P Such is really 
the much mooted question which this interesting Scottish suit 
(McDonald v. McDonalds) helps to decide. The doctrine finally 
established after repeated litigation was that, in the absence of any 
explicit legislation fixing the method of valuation, the life should be 
regarded, pHma facie, as of average value, but that evidence was 
admissible to show any facts which would reduce this value, and all 
such facts should be properly estimated, in fixing the real value of 
the life, treating it as that of an individual and not that of a class. 
In other words, equity demanded that the person should be dealt 
with according to the actual facts, and not according to arbitrary 
statistics which would not meet the particular case. 

2 o 2 
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It is obvious that the principle involved in the equitable surrender 
of a life policy is no different. For general business purposes, the 
company must deal with all its continuing members in a body as an 
average class. But when it comes to the question of withdrawal, it 
is no longer the class as a whole with the disabilities of one offset by 
the vigor of another, but the single member standing alone that is to 
be dealt with. As between the company and the member, the results 
of a life table have no other bearing than as evidence of the value of 
the withdrawing life if an average one. As was said in the House 
of Lords, nothing manifestly would be more inequitable than the 
attempt to apply such a table to the case of one in extremis. 

We notice this decision at length not so much as a precedent, but 
because during a protracted litigation of four years, it involved the 
same fundamental principle of equity as that which is concerned in 
this question of surrender value. 



F. 



A New Departure in American Life Insurance. 
[Adapted from the Spectator of New York and Chicago.] 

OR a number of years the rate of interest in this country has 
been liberal^ and life insurance companies have been able to invest 
their funds in such manner as to bring them large returns. They 
may continue to do so for some years to come^ but there are many 
agencies at work that are calculated to reduce the rate of interest in 
the near future. The country is prosperous and the indications for 
continued prosperity are promising; the population is increasing 
rapidly, as is, also, the wealth of individuals. Money is plentiful 
and seeking investments that are safe at low rates. It therefore 
behoves the managers of life companies to carefully consider the 
promise of the future, and so shape their business now as to be 
prepared for a curtailment of their income in the future from their 
investments. No doubt the opportunities for investment will 
continue to be such that little difficulty will be experienced in 
obtaining a rate of interest that will provide for all existing 
contracts ; but is it safe to make new ones on the same basis ? 

During the past few years The Spectator has discussed this 
question frequently, and has always maintained that managers of 
life insurance companies must prepare to meet this problem of a 
lower rate of interest on their investments. The fact that the rate 
of interest has been steadily decreasing for several years, demon* 
strates the correctness of our position. When the government 
can find a ready sale for its bonds at 3^ per-cent, it is folly to 
suppose that life insurance companies can find safe investments on 
long time at 6 or 7 per-cent, as they formerly could. Money is 
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too plenty now in private hands^ seeking the same investments^ to 
warrant such a supposition. When large capitalists are content 
with 3^ to 5 per-cent interest^ life insurance companies cannot 
expect to realize more than that. It becomes their duty, therefore, 
to base their calculations for the future upon getting smaller 
returns for their money. In this State the rate fixed by law at 
which they must estimate their reserve is 4^ per-cent; in 
Massachusetts it is 4 per-cent. The Connecticut Mutual Life 
managers, however, have resolved that for future policies their 
reserve shall be calculated upon a basis of 3 per-cent. In a 
communication addressed to his board of directors, which formed 
the basis of their action in the matter, Col. Greene, president of 
the company, reviewed the financial situation in an able manner, 
clearly and concisely setting forth the reasons that induced him to 
recommend the change. Among other things he says : — 

While still able to invest in many good securities at rates above 
4 per-cent, and likely to be so for many years to come, many of those 
most desirable for long investment, on account of safety, are either 
yielding less, as United States and some State bonds of best repute ; 
or from nothing above that rate to very little above, as most State 
bonds, municipal bonds of best repute, and railway bonds of the 
highest class; and the strength with which they are held is most 
significant. Beal estate loans have experienced as great a relative 
change, the present actual rate on best securities ranging as low as 
4 per-cent in the largest Eastern cities. The National debt is being 
rapidly paid ; State debts as a whole are decreasing fast ; municipal 
bonds of the best class are decreasing ; and thus a vast body of fimds 
is being forced out of those investments, and with the increase of 
wealth since liquidation, is seeking safe investments faster than they 
can be provided by legitimate enterprises. This intensifies the present 
effect of other causes upon the rate of interest, and is likely to 
have an important efiect on prices of real estate. Outside our own 
peculiar resources is the important element of foreign capital, coming 
in increasing amounts. The whole world is becoming very familiar 
with us, and has a growing faith in the substantial basis of our 
legitimate undertakings, and in their comparative exemption from 
political dangers. This tends toward a reduction of our interest rate 
to that of the country with which we are in most intimate connection. 
The contingencies are not a few which may check the increase of our 
own surplus wealth and of foreign investment here, and the consequent 
downward drift of interest, and set it the other way for longer or 
shorter periods ; and we cannot doubt their operation to a considerable 
extent. Our present basis is undoubtedly more than safe for the 
business now standing on it. But it is not certain to remain safe 
indefinitely for all the business that might be based upon it in future ; 
and if a change ever be needed, it must be made long before the 
apprehended conditions actually arrive. When they are present in 
fuU force it will be too late. 
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The following is the annoancement made by the company : — 

The Connecticut Mutual Life Insurance Company, of 
Hartford, Conn., recognizing the possible continuance and future 
effect of the causes producing the recent great changes in the rate of 
interest on the best securities, and the necessity of basing all life 
insurance calculations upon a rate certain to be earned during the pos- 
sible continuance of policies hereafter to be written, a period of more 
than two generations, because of the impossibility of changing their 
basis in the future as to business then existing should the assumed 
rate of interest fail to be realized ; and that in a business dependent 
on future contingencies nothing is certainly salie that is not certainly 
more than apparently safe; in order to provide absolute safety in 
the basis of its business and to have the largest liberty in the future 
selection of investments, will compute the net premiums and reserves 
upon future policies on the assumption of earning three per-cent 
interest on the best long investments, instead of four per^centy which 
is now and will remain the basis of business now existing. 

As a further basis, it assumes the rate of mortality shown by the 
American Experience Table. 

Commissioner Clarke^ of Massachusetts^ has always been a 
persistent and consistent advocate of life insurance reserves based 
on a low rate of interest. In his annual report for 1881 he 
discusses the subject at considerable length, predicting that 4 
per-cent, which is the Massachusetts standard, would soon be 
found too high. We make the following extract : — 

In order to disarm all possible implication of unfaimess, and to 
present the most favorable exhibit in defence of lower reserves, we 
select the experience of twenty-seven life companies doing business in 
Massachusetts for five years consecutively (1876 to 1880 inclusive), 
taking for this purpose their mean amount of cash or income-producing 
assets, with interest received and accrued, also their mean amount of 
premium reserves, with interest to be accumulated thereon at 4 
per-cent, and the surplus remaining for dividends to policyholders. 
Here are the results : — 



Year. 


Cash Assets, 

Mean 

Amount. 


Interest 
Received 

and 
Accrued. 


m 


Premium 
Reserve, 

Mean 
Amount. 


Four per- 
cent Interest 

to be 
accumulated. 


Surplus Iktcbest 
FOR DirmEKM. 


Amount. 


Rate 
per- 
cent. 


1876 
1877 
1878 
1879 
1880 


£ 
66,775,448 
69.755,997 
71.774,290 
73,586,355 
76,240,087 


£ 
4,483,586 
4,408,546 
4,243,991 
4,275,307 
4,094,477 


6-64 
6-32 
6-91 
5-81 
5-37 


£ 
61,319,893 
63,776,796 
65,150,478 
66,862,745 
68,323,624 


£ 

2,452,796 
2,561,072 
2,606,020 
2,654,510 
2,732,946 


£ 
1,980,790 
1,857,474 
1,687,971 
1,620,797 
1,861,532 


3-28 
2-91 
2-61 
2*44 
1-99 
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This exhibit is significant and instructive. It will be observed 
that, with income-producing assets increased nearly nine per-cent 
since 1876, the rate per-cent of interest received and accrued has 
fallen more than one and a fourth per-cent, and the surplus of interest 
for dividends to policyholders in very nearly the same ratio, that for 
1880 being only 199 against 3-23 in 1876. With this steady decliue 
year by year in interest rates, falling from the eight to twelve per-cent 
claimed in 1871 by many lower-reserve advocates to 5*37 in 1880, 
followed by corresponding decrease of surplus for dividends, it is not 
difficult to foresee that there may be imminent approach to impairment 
if present conditions continue. Policyholders complaining or reduced 
dividends will find in these telling results substantial reasons for 
disappointed expectation. 

In exceptional cases, however, a small number of companies, 
whose investments were placed on long terms and in better times, 
may continue for shorter or longer periods to show more favorable 
results; but with the present outlook, so suggestive of increasing 
taxation, of expenditures enhanced by new and varied contingencies, 
and of other financial burdens necessarily accruing, it must be apparent 
that, even in exceptional instances, average interest accumulated can 
exceed only by a mere fraction, if at all, the four per-cent required 
by law. 



HOME AND FOREIGN INTELLIGENCE. 



NEW ZEALAND GOVERNMENT INSURANCE DEPARTMENT. 

Quinquennial Investigation^ 1880. 

First Ditision op Pbofits. 

We have received from Mr. C. Godfrey Knight^ the Actuary 
of the Department, a copy of the Second Quinquennial Report ; 
also copies of the Annual Reports of the Government Insurance 
Commissioner for the years ending 30 June 1880 and 1881. 
Prom these documents we take the following particulars : — 

Annual Fremiuma far £100 (with Frojits). 



Table. 


How Payable. 


Age 25. 
£ *. d. 


Age 30. Ago 35. 


Age 40. 


Age 45. 


Age 50. 






£ s. d. £ g. d. £ s. d. 


£ *. d. 


£ *. d. 


I 
II 


Payable daring life 
Limited to 20 payments 


1 15 9 

2 11 1 


2 10 2 7 2 2 15 2 
2 16 43273 10 


3 5 11 
3 19 7 


4 2 
4 12 1 


TIT* J 


Payable for 30 years, or 
till death if pri'or 


2 13 9 


1 

2 16 12 19 43 4 2 


3 11 9 


■ • • 


J Payable for 20 years, or 
C till death if prior 


4 8 3 


4 4 11 ! 4 7 


4 10 2 


4 15 2 


• • « 



* Under Table III (Endowment Assurances), the sum assnred is payable on 
the cxpixy of so many years, or at death if previous. 
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Policyholder B after Thbee Yeabb have an absolute right to 
a surrender value dejined by lawy and not subject to the discretion 
of Directors. 

Policies cannot be Fob^eited fob Non-Patment of Pre- 
MiUMS, 80 long as ike surrender value is sufficient to pay the arrears. 
For instance, in the case of a policy where, from inadvertence or 
inability to pay, one or more premiums are overdue when death 
occurs — the total arrears not being in excess of the surrender value — 
the sum assured is at once paid to the representatives of deceased, 
after deducting the premiums in arrear and interest. 

POLICYHOLDEBS CAN BORBOW ON SeCUBITT OF THEIB POLICIES 

at 7 per-cent interest, to the extent of 90 per-cent of the cash 
surrender value. 

PoLiCTHOLDEBS MAY Tbavel all over the world, or change 
their occupation, without extra charge. 

Policies afteb Five Yeabs' Duration are, if age has been 
admitted, indisputable and unchallengeable , being freed from all 
conditions. Holders of such policies may reside in any part of the 
world without license or extra charge, provided that they have resided 
continuously within ordinary limits from the date of the policy. 

Policies are Protected from Bankruptcy, after two years, 
to the extent of £200 ; after five years, to £500 ; after seven years, 
to £1,000 ; after ten years, to £2,000. 



Proposals 

New Policies 

New Annual Preminins 

Single Premiums 



New Business, 

1880. 
8,032 £1,036,880 
2,272 725,254 

— 23,211 

— 1,203 



1881. 
2,306 £735,920 
1,788 550,851 

— 17,515 

— 1,024 



Mortality and Claims, 

Year. Deaths. Policies. Claims. 

1880 67 78 £32,500 

1881 70 80 28,425 

Of the deaths, the numbers occasioned by accident were 16 and 13 
respectively, including 8 and 9 deaths by drowning. There were 
2 suicides in each year. 



Surrenders. 



Lapses. 



Tear. 


^-^^^' A^lSid. 


Policies. 


Bum 
Assured. 


1880 


104 


£42,840 


649 


£193,290 


1881 


146 


61,301 


797 


265,878 




Accumulated Funds and their Increase. 




Year ending 




Amoimt of 


Increase on 


Annual 


SO Jane 




Funds. 


previous year. 


Revenue. 


1876 




£153,717 


£43,750 , 


£78,935 


1877 . 




219,394 . 


65,677 . 


91,994 


1878 




292,523 . 


73,129 . 


111,202 


1879 




371,889 . 


79,366 . 


132,262 


1880 




459,335 . 


87,446 . 


146,205 


1881 




557,280 . 


97,896 . 


156,615 
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Balance Sheet on 80 June 1880. 



Liabilities. 



s. d. 



Total Assarance, An- 
naity, and Endow- 
ment Funds (a« per 
Revenue Account) 
Cliunu announced, but 

not paid . 
Sorrenders 
Annuities unclaimed 
Commission (new) 
Medical Fees 
Rent and Postage 
Sundry A ccounts o^dng 
Premium Deposits 



459,335 17 

7,155 11 2 

263 4 1 

800 

542 14 8 

579 12 

468 15 

146 8 11 

617 6 4 



£469,909 7 9 



Assets. 

Loans on Policies 

Government Securities 

Railway Debentures 
(guaranteed by Go- 
vernment) 

Municipal Corporation 
Debentures 

OiBce Furniture (Head 
Office and Agencies) 

Overdue Premiums on 
Policies in force 

Outstanding Premiums 
due in June 1880 . 

Interest outstanding . 

Interest accrued, not 
due 

Agents' balances (since 
accounted for) 

Casb on Deposit 

Cash on current ac- 
count 



£ s, d, 

19,917 11 6 

343,900 

40,000 

2,500 

1,082 13 4 

6,040 7 

8,705 6 1 

405 19 6 

5,081 19 1 

749 16 3 

37,000 

4,525 15 

£469,909 7 9 



From the Actuary's Keport it appears that " the business of the 
Department is confined to a population of less than half a million, 
and that the competition is very keen, owing to the strenuous efforts 
made by foreign offices (there are no local companies) to secure the 
benefit of the low rate of moi*talitj prevailing in the colony, and so 
counterbalance the necessarily higher rate of mortality on that portion 
of their sub-tropical business, on which no extra premium is charged." 

About twenty-one per-cent (21*47) of the policies issued during 
existence of the Office have been discontinued. ** The rate of discon- 
tinuance experienced by the three private offices doing business in 
the colony, as deduced from the data given in their last valuation 
reports, was 23*96, 24*27, and 29*27 respectively. These rates all 
exceed that of this Department, showing that its business is of a 
more permanent character than usual." It is stated, as marking the 
quality of the business transacted — 

(1) That it does not include any policies reassured with other offices. 

(2) That the agencies of the Department being confined to the 

Colony, the risks undertaken are those only which are 
accepted directly by the Head Office. The full benefit of the 
low rate of mortality in New Zealand is thus also secured, 
and the extra risk of inferior climates avoided. 

(3) That there has been a strict adherence to the rule of paying 

commission to regularly appointed agents only. 

Expenses of Managemeih:. 

The whole of the expenses of management during the quinquen- 
nium, including commission and other agency expenses, amounted to 
I8'72 per-cent of the total income of the period, or to 15*95 of the 
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premium income. The provision made for sucli expenses in the 
premiums charged (or the loading, as it is technically called) averaged 
ahout 28 per-cent on the net premiums payahle under the participating 
policies in force [rather less than 22 per-cent on the office premiums]. 
The following table gives the ratio of expenses to premium 
income in the four offices that are doing business in the colony : — 

Comparative Return of Percentage of Expenses to Premium Income 
of Offices doing business in New Zealand. 



Office. 



A 

B 

C 

G.I.O. 



Date of 


Age of 


Establishment. 


Office. 


1849 


30 


1869 


11 


1869 


11 


1870 


10 



Dftt4? of 
Valuation. 



1879 
1880 
1880 
1880 



Ratio of 
£xpenHe.s. 



1569 
26-81 
30-88 
15-95 



Adjusted 
Ratio. 



18-40 
29-89 
34-86 
15-95 



The amounts from which the ratios have been calculated, have 
been obtained from the Consolidated Revenue Account of each office 
at the date of its last valuation. 

" The adjusted ratio in the last column of the table is arrived at 
by estimating what would have been the effect on the premium 
income of the other offices, supposing that they had only charged 
the low rates of premium used by this office. For this purpose it 
is assumed that the difference between the premiums charged for a 
whole-life policy at age 35 (the average age at entry), is a reasonable 
measure of the reduction that should be made in the actual premium 
income, in order to arrive at this estimate." 



Selection of Lives. 

Out of 10,000 policies issued, 7,573 were accepted as select lives, 
and additions were made to the ages of 2,427 under-average lives, or, 
roughly speaking, three-fourths were taken as select, and the remain- 
ing quarter were considered under the average standard of health. 
The average addition made to the ages of the last-mentioned lives 
was about live years, but the greatest number were rated up three 
years. The proportion of select and under-average lives agrees 
substantially with that given in the quinquennial report of the 
Australian Mutual Provident Society for the year 1879. 

Out of every 100 proposals received, more than 8 are absolutely 
declined ; 17 are either deferred by the Board, or not completed by 
the proposer on account of the extra premium imposed or from other 
causes ; and of the remaining 75 that become policies, about 19 are 
treated as under-average lives. 

The following summary table shows the proportion of policies 
accepted at ordinary rates, and of those rated up, out of 10,000 
issued : — 
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^^\ 


XZ" 


'" 


2 


3 

536 

223-0 

2«6'3 

119H 

91 

871-8 


4 ! 5 

2-1-5; 7C-0 
75-2 272-8 
93-4 ; 24fi-9 
29-4 60-8 
5-6 1 8- 1 


1 Total. 

6 7 1 8 1 9 10 J^J.*! 

13-3 22-6 7-7 ' 2-8 37-6 '. 14-9 ' 1,417-6 
42-0 80-0 28-0 8-5 ■ 890 30-6 4,1605 
35-7 54-6 3fi-4 1 2-1 ■ B3-5 11-2 3,371-8 
18-9 119 6-6 ■ -7 1 35 2-| 9337 
2-1 2-1 ... 1 ... ! -7' ... , 116-4 


24* under 
85 to 31 
35 to 44 
45to&4 
55* over 


1,1319 

3,ai4i 

2-477-0 
6654 

ai-9 


105 
7-7 
77 
ai 

1'4 
29-4 


o'^•^ 

8HI 
ll-O 
2-1 

2189 




7.573-3 


2341 664-4 


112-0 


171-2 ■ 77-7 ; 9-1 

1 1 


184-3 1 58-8 IO.000-O 

11 ' \ 



MOBTAXITY ExfEBIEIfCE. 

Tho fuilowing table Hhowa the causea of all deaths that have 
taken place since the estahiishment of the office, classified in accord* 
ance with the Bjstem adopted by the Registrar- General in England, 
and indicatL'8 what has been the effect of medical selcctioii upon the 
deaths occurring in the early years of insurance. It might be 
presumed that persons actually suffering from disease at the time of 
examination would be weeded out, consequently that the deaths in 
the first years of insurance would be principally caosed by acute 

Caute$ of Death during the ten year* ending the 30lh June 1880, 
clauijied aeconUng to duration of Policy. 



a of DeiUia.~>Ul< ui 



2n<l I SkI 4th Y< 
'Year. V«u-, Veor, 



AllCaiuei. 

Cuaais 1 — 
Zymotic IMieasea 
uoititDtional Diacose* 
Loral DiaeoBM . 
Developmental Dueaiei 
Violent Ueatlu . 
OupedAed 



143' 21123] 2 18-7 



Perceota^ of Dathi, 
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diseases of short duration and by accidents. The table shows that 
accidents, miasmatic and other diseases, which could not have been 
foreseen by medical examiners, are the chief causes of death during 
the first few years of insurance, and that very few deaths have arisen 
from consumption, and other diseases against which it is possible to 
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guard by medical skill. In some few cases, there is no doubt that 
deaths have occurred from causes that might have been foreseen. 
Whether this has arisen through the neglect of the local medical 
examiner, or through the fraudulent mis-statements or concealment 
of the proposer and of his referees, it is difficult to determine. 
Intemperate habits are generally the cause of this class of deaths, 
and the experience of our Department on this point agrees with that 
of private offices. All have to deplore the fact that claims arise 
from such causes, in spite of the precautions taken to prevent them, 
and notwithstanding the greatest care on the part of Directors and 
Managers. 

The Sums Assubed Ain> Limit of Bisk. 

The sum for which the largest number of policies has been 
issued is £500, £200 comes next, then £100 ; after that £300, and 
then other sums in diminishing numbers. 4,949 policies were issued 
for sums varying from £100 to £200; 5,265 for sums from £200 to 
£500 ; and 1,263 from sums above £500 and not exceeding £3,000, 
which is the largest amount that the office will take upon one life. 
The Department has been repeatedly urged to extend this limit to 
£4,000 ; but the fact that only 22 policies have been issued for £3,000 
since the limit was extended some five years ago from £2,000 to 
£3,000, shows that it would not have been wise to again increase it ; 
and until there is a reasonable prospect of issuing yearly at least 
five policies of £4,000 each, the actuary recommends that the present 
limit should not be extended. 

Pbemiums Chaboed on Youno Lives. 

On this subject Mr. Knight says : — " The Consulting Actuaries 
*' stated in their last Quinquennial Report for 1875, that the 
" premiums charged were too low at the higher ages. I, on the 
'* other hand, thought that the rates required increasing at the 
*' younger ages, more than at the higher. In accordance with their 
'^ recommendation, the rates were increased at the older ages, and in 
" accordance with my advice the premiums were re-computed on the 
" basis of H^ Table of mortality, instead of Carlisle ; and at the same 
*' time it was determined that lives under 25 should be charged the 
'' same premium as that for age 25. This was a rough method of 
'* giving efiect to the opinion entertained by many actuaries, that 
" the H** premium was too low at the younger ages. Since then, 
" the accuracy of this opinion has been thoroughly established by 
" elaborate investigations, made by Mr. Sprague and others, into the 
'' actual mortality experienced by persons entering at each age. It 
" is now found that the H^ premiums are far too low at the younger 
** ages ; so much so, that the true premium for age 20 is higher than 
" that of the H** premium for 24, thus proving that a large increase 
" in the premiums originally charged for young lives was necessary, 
" and that the rough rule lollowed by the Department, has not on 
" the whole been unfair in its operation." 
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EeSULTS of the VALrATION. 

The valuation brings out a surplus of . . £73,670 17 

of which Mr. Knight recommends that a portion, 
equivalent to 5 per-cent upon the net liability, 
should be retained to form a Reserve Fund, to 
meet unforeseen contingencies, and to equalize 
future bonuses. This would amount to about 17,670 17 



leaving a divisible surplus of .... £56,000 

He recommends that the surplus should be distributed to the 
policyholders in proportion to the accumulated loading. 

That participation in the surplus be confined to whole life and 
endowment assurance policies (Tables I, II, and III). No profit 
is likely to arise from policies issued under the other tables, such 
as Annuities, Children's Endowments, &c. In the prospectuses 
issued since the passing of the Act in 1874, authorizing a division 
of the surplus, these last-mentioned tables have always been headed 
as " Non-participating ". 

That all holders of whole-life and of endowment assurance 
policies, who have paid two years' premium in full, and whose 
policies are in force at the date of valuation, should be entitled 
to participate. Many offices stipulate that the bonus shall not be 
payable in the event of death happening before the policy has endured 
for five years, that is, the bonus does not vest until the expiration of 
five years from the date of the policy; but he thinks that this 
stipulation is a fruitful source of disappointment to the represen- 
tatives of the assured, owing to their not understanding the 
contingent nature of the bonus. 

That each policyholder's share of the surplus should be con- 
verted into its reversionary equivalent by a table of Office Single 
Premiums. 

That the policyholder be entitled, at any time, to exchange the 
reversionary bonus actually allotted to him for a Cash Bonus, or a 
Permanent Reduction of Future Premiums, or a Temporary Reduction 
of Future Premiums. This right of exchanging one benefit for 
another will probably be exercised in a manner prejudicial to the 
office ; therefore it wUl be necessary to calculate these commutations 
in such a manner as to neutralize any adverse selection. This will 
be easily effected by using a higher rate of interest in the calculations 
than that adopted in the valuation. 

Adjtjstmeitt of New BusnrEss Expenses between Old akd 

New Polictholdees. 

'' In calculating the share of each policyholder in the surplus, an 
'' adjustment should be made in the case of policies recently effected, 
" on account of the cost of obtaining new business, which not only 
*' exceeds the whole of the loading or provision made for expenses, 
" but even absorbs a considerable portion of the net premium during 
" the first year. 

" The interests of the old policyholders would suffer materially 
'* if an amount of new business were not obtained, sufficient to fill up 
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^* the void caused by death and the numerous lapses and surrenders 
" that are always taking place. Even if there were no lapses or 
'' suiTenders, and the only cause of a policy being discontinued was 
'' the death of the assured, the ratio of expenses to premium income 
*' would gradually become heavier ; as it would not be possible to 
'' reduce the expenditure as rapidly as the premium income would be 
*' decreased, by deaths occurring at a continually accelerating rate as 
" the lives became older year by year. But if lapses and surrenders, 
" which are far more numerous than deaths, are taken into account, 
*' then not only woidd the ratio of expenses to premium income be 
" still further mcreased, but the rate of mortality would also become 
** heavier than the normal rate, as it is well known that the majority 
" of those who voluntarily discontinue their policies are select lives, 
*' whereas the sick and unhealthy make every effort to keep their 
*' policies in force. Consequently, unless fresh and healthy lives can 
" be secured to take the place of those who leave or die, there would 
" be a constant impairment of the average vitality of those who 
'^ remain, and the ratio of expenses to income would continue to 
" increase, and the surplus would be diminished year by year ; and 
'* thus the interests of old policyholders would, as before stated, suffer 
^^ materially by any failure to repair the continual waste that takes 
'* place in a life insurance office. It is clear, then, that it would not 
" be equitable to charge the whole of the cost of new business against 
" the loading contributed by the new policyholders. On the other 
^* hand, with vigorous management an office will not only repair its 
** waste, but continue to expand ; and then it becomes necessary to 
*' protect the interests of the older policyholders, and to prevent the 
" surplus earned by their premiums from being shared by new policy- 
" holders who have not contributed anything to the surplus. 

'^ The amount of the adjustment that will be necessary to secure 
*' a fair apportionment of the cost of new business between the old 
" and the new policyholders, will vary with the cost of new business, 
" which is more likely to increase than diminish in the future. As 
" it is not probable that the amount of this adjustment will ever be 
** less than the first year's loading, I have recommended that a 
'* policyholder shall not participate until he has paid two years' 
" premiums, leaving any further adjustment that may be necessary 
'^ to be determined a*t each valuation. In calculating the share of 
'* new policyholders in the surplus that has now accrued, I propose 
*' that a year-and-a-half's loading should be deducted from the 
*' accumulated loading contributed by those new policyholders who 
*' have entered during the last quinquennium, and who will become 
*' entitled to participate if my recommendations are approved." 

Adjustment of the Loa.ding on Paid-up akd Limited 

Premium Policies. 

'* In cases where the policy is purchased. by one payment, or the 
'^ payment is spread over a few years, instead of over the whole 
'* duration of the policy, it is necessary to calculate how much of 
*' the loading actually contributed properly belongs to the period 
'' under review, and Low much should be reserved to meet luture 
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expenses, when there will be no further loading contributed, on 
account of the premiums having been paid up in full. 
" This adjustment of the loading is made by first equalizing it 
" over the whole duration of the policy, and then taking only the 
*' equalized loading into account. By this means only so much of 
'* the loading contributed as actually belonged to the past, is dealt 
" with in the distribution of profits, and that belonging to the future 
" is left intact, and the share of each policyholder is equitably deter- 
'' mined according to his contribution towards the profits that have 
" been made." 

The High Kesebyes made foe Liabilities. 

" The highest standard of valuation in use by life insurance com- 
" panics is that known as the 'Combined H**, H****^'. Under this 
" system of valuation the H*^ pure premiums are used together with 
" H**^** annuities and reversions. The effect of this combination is 
" to make a much larger reserve than that produced by the H** Table 
" alone in the case of policies that have endured for five years and 
" upwards, higher, in fact, than is necessary, and at the same time 
" it does not make a sufficient reserve for policies recently effected. 

** For these reasons it was considered that the * Combined H^, 
it j^M(6) > system of valuation was not applicable to an office whose 
" policies had not, on the average, endured for four years. 

" The H^ rate of mortality was adopted instead throughout the 
" calculations, and the necessary reserves were made for lives recently 
" assured, and for those which had been assured for five years and 
'^ upwards. In addition to these reserves, which recent investigations 
^' have shown are necessary to make good the insufficient reserve 
" brought out by the use of the H^ Table, I have recommended a 
" special reserve of 6 per-cent upon the net liability. These extra 
" reserves are together of such magnitude that they raise the valuation 
" which has been made at H^ 4^ per-cent, to an equality with a 
" * Combined H**, H***** * 4 per-cent net premium valuation. I do not 
'' know of any office that has attained such a high standard of valua- 
" tion in its tenth year, and there are very few old offices able to 
" make such strong reserves as those I have recommended ; as a 
" further illustration of the stringency of the valuation that has been 
^* made, I would state that if the liabilities of the office had been 
^' valued on the same basis as that upon which its premiums were 
" originally calculated, namely Carlisle 4 per-cent, the divisible 
" surplus would have been about £100,000, instead of £56,000." 

From the schedules it appears that the following additions have 
been made to the net liability brought out by the formula used, 
namely, — 

A reserve amounting to £3,990, and equal to five months' interest 
on the net liability under whole-life policies, on account of 
claims being paid one month after death, instead of six as 
assumed in the tables used, for the valuation. 

A reserve amounting to £7,900, to provide for future expenses and 
profits on limited premium and paid-up policies, after the 
further payment of premiums has ceased. 
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A reserve amounting to £1,860, to corer the unexpired portion of 
the current risk on under-average lives, which have been 
charged extra premiums. 

A further reserve of £19,000, to provide against the suspended 
mortality of lives recently assured, and the over-average 
mortality that is known to prevail amongst assured lives, after 
the effect of the medical selection has been exhausted. 

The following table shows the approximate bonus that would be 
allotted under the system of distribution recommended : — 
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• Example. — A person hanng a policy for £1,000, effected at age 30, and 
which has been 10 years in force, wonid receive a reversionary bonus of about 
£88, wbidi be could surrender for £26. 16«. 8d. in casb, or apply to reduce bis 
future premiums for 6 years to tbe extent of £5. 14r. 2^. per annum, or 
£1. llf. Sd. per annum for the wbole of life. 

Policyholders, when comparing this bonus viitb that given by private offices, 
must bear in mind that the difference in the premiums diarged by this Department, 
at the age quoted (amounting to about £4 less per annum than that required by 
private companies) is equivalent to a reversionary bonus of £200, which, together 
with the £83 above-mentioned, gives a total bonus of £283. 

The following is taken from the Report by the Consulting 
Actuaries^ Mr. Bailey and Mr. Hardy : — 

Summary of the Financial Transactions in the Quinquennial Period 

ending on 30 June 1880. 

FuKD, 30 June 1876 £109,967 12 1 

Add Income from : — 

Premiums .... £482,392 15 1 
Annuity Purchase Money 12,228 7 5 

Interest 66,238 7 8 

Sundries 99 8 8 

600,958 18 6 



JDeduci Outgo for: — 

Claims £114,850 

Surrenders .... 11,058 18 6 

Annuities .... 8,716 16 6 

Expenses, including commission 76,964 17 8 

Fwi)^ 90 June 1880 ....... 



£670,926 10 6 



211,590 12 8 
£468,836 17 10 
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Comparing the interest brought to account each year with the 
mean between the fund at the beginning and end of the year, we find 
that the rate of interest realized in the quinquennium has been as 
follows, namely : — 

£ «. d, 
1875-6 . .613 



1876-7 
1877-8 
1878-9 
1879-80 




Per-cent per annam. 



AnalytU of the Bishe shown under Table I- — {Whole-Life 

Uniform Premiums), 



1 


Malrs (6,542). 


Fbmalbs (202). 


Premiiim 
Payable. 


Avenge 

Sum 
AMured. 


Proportionate 
Distribution. 


Average 

Bum 
AasurecL 


Proportionate 
Distribution. 


Number 

of 
Policiea. 


Sums 


Number 

of 
Policies. 


Sums 
Assured. 


Tearly .... 
Half-yearly . . . 
Quarterly . . . 
Monthly .... 


£ 
414 
372 
356 
339 


2117 

4511 

27-22 

6-50 


23-43 

44-78 

25-91 

5-88 


£ 

286 
275 
268 

• >. 


21-78 
43-56 
34-66 
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All Classes . 


£374 


100-00 


100-00 


£276 


100-00 


100-00 



From a further grouping of the sums assured, according to the 
ages at entry, we ascertained that the mean age at entry was — ^for 
males, .36'74! years; for females, 38'77; the mean present age being 
— for males, 40-45 years ; females, 42 07. 

It will be seen, therefore, that the number of females is too small 
to justify their being treated separately ; also, the average duration 
of the contracts is too short, and the average age of the lives too low, 
to enable us to arrive at any trustworthy conclusions as to the rate 
of mortality that will prevail in future among the assured. 

For Tables II (Limited Payments) and III (Endowment 
Assurances), no distinction of the sexes was attempted; but the 
facts were re-arranged in groups, according to the number of 
premiums remaining to be paid, in order to obtain some idea of the 
period during which the assumed rates of mortality and interest 
might be affected, and of the time when the contributions for expenses 
in Class II would expire. 

As on the occasion of the last valuation, there is no definite 
information respecting the death-rate that may be expected to prevail 
amongst assured lives in New 2^aland, nor any mortality statistics 
for the Colony generally, available for the purposes of the present 
investigation. From such tests as we have been able to make, there 
would not appear to be any great difference between the general rate 
of mortality experienced in the last quinquennium amongst the lives 
assured under Table I, and similar lives in this countrv. We do not, 
upon general grounds, see much reason for expecting a contrary 
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result ; but we consider that it would be wise to collect and tabulate 
all available information on this head, especially in regard to the 
death-rate of the older lives. After full consideration, we think that 
the Institute of Actuaries' H^ Table is the most suitable table of 
mortality to adopt for the present valuation. Nevertheless, we have 
thought it prudent (as will be hereafter shown) to make a further 
provision beyond what an estimate on this basis would provide. 

We observe that, in a large number of cases, additional premiums 
have been charged, the lives having been assumed to be a certain 
number of years older, upon the ground that they were deemed to be 
below the average in point of future longevity. In these cases, the 
risks have been classified according to the true, and not the assumed 
ages, which we consider to be the most suitable method of procedure. 
G^e effect is that the surcharges, taken in the aggregate, form an 
annual fund applicable to meet the additional claims arising from 
the expected increased mortality in this class of lives. 

At the last valuation, the rate of interest assumed was 4^ per-cent 
per annum ; and from what precedes, it will be seen that rather more 
than this rate was realized in the last five years. The question for 
consideration, however, is not what has been or is \ but what wiU be 
the rate of interest realized by the fund during a period of time 
covered by the present generation. This point has received our very 
full consideration, and we have come to the conclusion that it would 
not be consistent with prudence to assume that the fund will earn a 
higher rate than 4J per-cent, which is fully i per-cent beyond that 
obtained in the mother country. Indeed, we do not consider it free 
from doubt whether in after years this rate will not be too high, 
having regard to the marked and inevitable tendency to an equalization 
of the rate of interest throughout the world. Bearing in mind, 
however, that a fall in the rate of interest must be gradual, and 
that, if a reduction of \ per-cent were made on the present' occa- 
sion, the difference in the net liability would not be great, we think 
that this valuation, like the last, may be made upon a 4^ per-cent 
basis. 

Appended hereto is a summary of the several assurance and 
annuity contracts in force as at 30 June 1880, with a valuation at 
4i per-cent interest, of the assurances by the H^ Table of Mortality, 
and of the annuities by the Carlisle Table. 

An additional reserve, amounting to £19,802, has been made, 
because the sums assured are payable one month after death, and 
also in respect of the 817 assurances under Table II, where the 
premiums are payable for a limited term only, so as to make provision 
for the expenses of management and for profits, after the premiums 
have ceas^ to be payable. 

The financial position is as follows : — 

The realized assets on 30 June 1880, were . . . £459,335 
Hie estimated net liability, as per valnatiou, was . . 381,740 

Surplus . . . £77,695 

Havinff regard to all circumstances, and especially to the necessily 
of proceeding cautiouslv for some time until the prevailing rates of 
mortality and interest have been better ay^tained, we suggest that 
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the whole of this amount be not divided on this occasion, but that 
the distribution should be restricted to a sum not exceeding £60,000. 

Apart from other considerations, we feel satisfied that some 
portion of the surplus has arisen through the operation of what is 
sometimes termed " Suspended Mortality", or the lightened death-rate 
resulting from the recent selection of so large a proportion of the 
lives. Experience has shown that an acceleration of the rate of 
mortality exhibited by any general table, takes place when the lives 
are no longer of recent selection ; and we think it is expedient that 
some further reserve should be made on this account. This, we 
recommend, should, on the present occasion, be done by leaving 
undivided some portion of the estimated surplus, rather than by 
assessing a part of the liabilities by another table of mortality. 

The next matter submitted to our consideration is, '' the best and 
fairest system bv which the divisible profits should be distributed." 

Various met nods, more or less elaborate, have been suggested and 
adopted by several companies, the applicability of which to the present 
case has received our full consideration. There can be little doubt, 
however, that the surplus proposed for division has been derived 
mainly from what is called the " loading " upon the premiums having 
been found to be more than sufficient for the expenses incurred. 
And, therefore, we consider that it will do substantial justice to the 
policyholders, without a needless amount of labour in calculation, 
to divide that surplus in proportion to the accumulated "loading". 
We deem it an unnecessary refinement to introduce the element of 
interest in this process, and that it will be sufficient to ascertain the 
amount of '* loading " on the premiums received on each policy. 

This being the first division of profits, the accumulation, on this 
occasion, should be taken as from the dates of the policies. 

It should be noted that the ** loading" used for this purpose, in 
the case of the whole- term policies, should be that corresponding to 
the annual premiums under Table I (taking the increased age where 
the lives are under-average); so that, cateris paribus, the sum 
apportioned as the bonus in cash will be the same, whether the policy 
be effected under Tables 1 or II, or the premiums be receivable by 
annual or more frequent instalments. 

The same principles are applicable to endowment assurances, and 
to policies of other classes. 

If, as is commonly the case, it is desired to convert the cash 
bonuses into corresponding additions to the sums assured, a lower 
rate of interest than that adopted in the valuation should be assumed 
for the purpose. 

We have examined the tables of rates given in the prospectus, 
and we consider them to be sufficient under the present circumstances. 
They are undoubtedly low, and especially so at the older ages ; and if 
the rate of interest in the colony were to fall materially, we think 
that the rates in question would require revision before new trans- 
actions were entered into. 

We have also tested the table of surrender values, given in the 
prospectus ; and we consider that, on the basis of the present 
valuation, the amounts promised to be allowed, whether in cash or 
as paid-up policy, can be granted with safety. We do not think that 
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either shonld be increased; and we recommend that, in applying 
them, the real, and not the increased, ages of the lives assured be 
taken. 

As both rates of premium and amounts of surrender-allowance 
must be ultimately determined by competition on the spot, we con- 
sider that, so long as the first are sufficient, and the second not too 
high, it is not necessary to propose, upon purely theoretical grounds, 
any revision of either, on the present occasion. Theoretical perfection 
on such points as these must be subordinated to the practical consi- 
derations involved in meeting the public demands. 

The results of our valuation show that the finances of the Depart- 
ment are in a sound condition; and, considering the low rates of 
premium paid by the assured, the amount of the divisible surplus 
appears to us very satisfactory, and the business of the Department 
to have been well conducted, and in such a manner as to reflect great 
credit on those who have been responsible for its management. 

SuiCMABT and Valuation (see p. 453). 

The Commissioner states in his Annual Report for 1880-81 : — 

Section 45 of the Act, under which the Consulting Actuaries were 
appointed, provides that the sum recommended for division, or such 
less sum as shall be fixed by resolution of both Houses of the General 
Assembly as the amount for division, shall be divided amongst 
policyholders according to such scheme as shall be approved by such 
resolution. Immediately the amount to be divided has been deter- 
mined, and the scheme of distribution approved by Parliament, the 
requisite calculations for allotment will be proceeded with. 

Gekebal Bemabes. 

" The New Zealand Government Insurance Department is the first 
institution of the kind originated by a Government that has achieved 
a marked success.* Causes similar to those which led to the 
establishment of Post Office Savin&^s Banks in Great Britain induced 
the Home Government to set on foot a system of Gt)vernment Life 
Insurance. A recent writer, referring to the action of the British 
Postmaster-Gbneral with respect to increasing facilities for inducing 
habits of provident saving among the people of Great Britain, speaks 
of the necessity for devising means tor popularizing life insurance. 
He says : — 

" The fault of the Post Office hitherto is that it has not heen safficiently 
enterprising in this direction. Its attitude towards insurers has been one os 
entire indifference — ^the indifference of a Qovemment Department. If something 
of the temper of an insurance office which has its wny to make in the world* 
could be infused into it, some better result might perhaps be arrived at. If it is 
worth the while of the Government to invite insurers at all, it must be worth its 
while to secure them as well as to bid for them." 

* We think it probable that the Commissioner would have modified this 
statement if he had been aware of the success obtained by the assurance and 
annuity offices conducted and guaranteed for many years past by the Qovenunent 
of Denmark. — Ed. J,LA, 
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" The ipirit and temper here referred to have characterized the 
action of this Department ; and, although that action has undergone 
antagonistic criticism, — all the less considerate hecause a Government 
Department was deemed a fair mark for opposition — the results, as 
displayed by the valuations now published, might fairly be left to 
bear their own unaided testimony. 

" Evidences are not wanting to show the interest with which the 
success of such an experiment as that of the establishment of this 
Department is elsewhere regarded. Other Governments have heard 
of its progress, and from time to time official enquiries have been 
made with resj^ct to its condition and working. Amongst these, 
were enquiries on behalf of the Government of the German Empire, 
the Dominion of Canada, and more recently of the Kingdom of 
Belgium, and the sister colonies of South Australia and Tasmania. 
Copies of the principal forms, the laws, regulations, tables, reports, 
and other documents of the Department, have been supplied in 
response to these applications." 



NATIONAL MUTUAL LIFE ASSOCIATION OP AUSTRALASIA, 

LIMITED. 

EstdblUhed 1869. 

Thibd IirvEBTiGATioir, 1880. 

EXTRACTS FROM THE REPORT BY THE ACTUARY, 

Mb. J. M. TEMPLETON. 

The Third Investigation Report embraces the period from 
1 October 1877 to 30 September 1880. This period has been 
marked by the establishment of Branch Offices in the neighbouring 
colonies and in New Zealand. Up to the date of the Second Inves- 
tigation (that is, from 1869 to 1877), the business of the Association 
was almost wholly confined to the colony of Victoria; one or two 
attempts to do business by means of agents in the other colonies 
met with very slight success, and it became evident that the only 
way to secure a good foothold was to provide the means of transacting 
business in each colony without having to refer to the Head Office. 
This could not be done without considerable expense, as it necessitated 
a complete staff of officers in each colony ; but the results of the 
business, as disclosed in the Second Investigation Report, enabled 
the Directors to set apart a sum for the establishment of Branch 
Offices in Sydney and Adelaide for New South Wales and South 
Australia respectively. These Branches were established in the 
latter end of 1878, an influential Board of Directors having been 
secured in each place ; and the immediate result was a steady influx 
of new business, which has continued to the present time. 

Encouraged by these results, the Directors resolved to open 
another Branch for the colony of New Zealand. Here the Associa^on 
experienced difficulties not to be met with in any other part of the 
world, namely, the active competition of the Government Service. 
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The Government of New Zealand has a department for the assurance 
of lives, and, in addition to the postmasters throughout the colony 
who act as local agents, a great number of travelling canvassing 
agents and lecturers are employed at high rates of commission to 
urge the people to assure their lives with the Government. Wellington 
was selected as the head-quarters of the Branch, and the Association 
had the good fortune to secure a Local Board of Directors selected 
from among the leading men of the colony. Each of the Branch 
Offices is under the control of a Local Board of Directors, empowered 
to transact the whole of the business of the Association, including 
the investment of moneys in the colony where the Branch is situated. 
Local agents have been appointed in nearly all the centres of popu- 
lation in the various colonies, and a staff of travelling agents is 
attached to the Head Office and to each Branch Office, for the 
purpose of supplementing the efforts of local agents in country towns, 
and of canvassing outlying districts. 

As the result of the adoption of the policy above indicated, a very 
large increase in the amount of new business annually transacted has 
been experienced. 

The following table exhibits the number and amount of proposals 
received, and the number and amount of proposals declined or not 
completed, during each of the years now under review : — 



Tear ending 
80 September 


Received. 


Declined, or not Completed. 


No. of 
Proposals. 


Amounts 
Proposed. 


No. of 
Proposals. 


Amoimts 
Proposed. 


1878 
1879 
1880 


1,670 
3,322 
3,547 


475,650 
755,752 
888,652 


663 
1,031 
1,066 


£ 
230,096 
267>332 
301,066 


Total 


8,539 


2,120,054 


2,759 


798,492 



The number of policies issued, the amount assured, and the 
annual premium income derivable therefrom, are exhibited in the 
following summary : — 



Tear ending 
80 September 


No. of 
Policies 
issued. 


Amount 
Assured. 


Annual Premiums. 


Bingle 
Premiums. 


1878 
1879 
1880 


1,007 
2,291 
2,482 


246,555 
488,420 
587,587 


£ 8. d. 

8,353 14 6 
16,622 12 3 
18,989 18 6 


& «. d, 

NiL 

NiL 
850 
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The following is a summary for the three inyestigation periods : — 



Period. 


No. of 
Policies 
issued. 


Amount 
Assured. 


Annual Premiums. 


Single 
Premiums. 


Ist Period, 5 years 
2nd Period, 3 years 
Srd Period, 3 years 


1,141 
2,513 
5,780 


£ 
379,500 
634,092 
1,321.562 


£ «. d. 
12,946 2 
23,618 15 10 
43,966 5 3 


£ «. d. 

57 9 
138 18 7 
350 


Total, 11 years 


9,434 


2,336,154 


80,580 3 1 


546 7 7 

I 



By the establishment of the three Branch Offices above referred 
to, a very considerable addition has been made to the expenses of the 
triennium. It has been customary in many offices to treat expenses 
of this kind as an asset, writing the amount off gradually during a 
series of years, on the ground that such expenses do not properly 
form a charge on the business of the year in which they are incurred. 
Viewing this kind of expenditure as a capital sunk in a profitable 
business, with the intention of having it recouped out of the additional 
profit of future years secured thereby, no objection need be taken to 
such a manner of treating it. The Directors, however, have preferred 
the more stringent and conservative course of writing off the whole 
amount of the expenses as they are incurred year by year. The 
effect of this is to impose a heavier charge on the business of the 
period now under review, and so decrease the surplus available for 
division at the present time; but there will be a corresponding 
reduction in the charges on the business of future years, and, 
therefore, an increase in the amount of surplus divisible in the time 
to come. 

Notwithstanding this extra charge on the business of the triennium, 
there is scarcely any perceptible increase in the percentage of expenses 
to income over that of the previous triennium. I^ however, a 
comparison be made with the first five years during which similar 
expenses were incurred in connection with the establishment of the 
office in Victoria, there is a reduction of more than 30 per-cent in the 
percentage of expenses to income. 

The Consolidated Revenue Account shows that the expenses of 
management during the three years amounted to £15,222. ]«. bd., 
being less than ten and a-half per-cent of the gross income of the 
period. The other items of expenditure are almost wholly con- 
nected with the obtaining of new business, and do not, with respect 
to existing policies, recur in future years. They amount to 
£24,400. ly«. 8<^.; and this expenditure is less than 56 per-cent of 
the new premium income (£43,966. 5<. ^d. per annum) on the 
policies issued during the triennium. 
- The following table exhibits the amount of the funds and the 
annual revenue at the date of last investigation, and at the end of 
each subsequent year : — 
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Tear ending 
80 September 


Funds. 


Annual Revenue. 


1877 
1878 
1879 
1880 


£ «. d, 

63,470 8 10 

71,210 9 11 

95,201 16 10 

129,698 4 6 


£ «. d. 

31,712 16 3 
37,665 3 10 
52,026 3 8 
67,295 12 10 



Since the date of the last investigation 93 members have died, 
involving claims to the amount of £26,255. The number of deaths 
to be expected during the triennium among the lives at risk was, 
according to the table of mortality used by the Association, 131 ; 
and the amount of claims to be expected was, on the same basis of 
calculation, £37,472. Since the Association was established, its 
members have passed through nearly twenty thousand years of life 
in the aggregate ; and the mortality during the whole eleven years has 
been less than 80 per-cent of that expected and provided for. 

On this occasion the valuation of policies has been made by the 
same method of calculation as that adopted at last investigation ; but 
a special reserve of £2,481. 6«. has been made in respect of policies 
more than six years in force. This amount is equal to the difference 
between the values of these policies by the H^ Table and their values 
by the H*'^"^ Table, using the same net premiums. The result is 
therefore the same as it would have been if the more stringent table 
had been used in the valuation of these policies. The object of this 
reserve is to provide for possible increase in the mortality of lives, 
after the influence of selection has worn off. As the investigations 
of the Association are made triennially, the term of six years (being 
two investigation periods) forms a more natural division than five 
years ; hence the application of the reserve to policies more than six 
years in force. 

Of the surplus of £21,663. Is, lOd. in the Assurance Branch, the 
Directors have decided to set apart the sum of £5,000 as a Guarantee 
Fund for the further security of policyholders ; and the share of every 
member in this Guarantee Fund will be ascertained and reserved, so 
that, in the event of death, it may be paid to his personal repre- 
sentatives, if no unforeseen contingency arise. By treating the 
Guarantee Fund in this way, every member has the assurance that 
he or his heirs will receive the full value of his contribution thereto. 
The Directors have also decided to reserve the sum of £1,663. 1«. \0d, 
to meet possible adverse fluctuations in the value of the investments 
of the Association, and unforeseen contingencies. The balance of 
the surplus, £15,000, will be divided among the members whose 
policies are dated previous to 1 October 1879. The policies which 
participate are 4,397, insuring £1,100,283. 12«. 6tf. 

Of the surplus of £240. lbs, in the Endowment Branch, £90. 15«. 
has been reserved to meet unforeseen contingencies ; and the balance, 
£150, will be divided among the members of the Branch whose 
policies are dated previous to 1 October 1879. 

The small surplus of £4. 7s. 2d. in the Annuity Branch has been 
carried forward to the next triennium. 
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The following table gives a compreliensive view of the progress 
of the Associatiqn in each of the three investigation periods : — 



Term. 



Ist Period, 5 yrs. 
2nd Period, 3 yrs. 
3rd Period, 3 yrs. 



, Total Premiums 
Received. 


1 
Claims and 
Sorrenders. 

■ 


Saved 
and Invested 


l. 


Profit Divided. 


£ *. d. 

28,671 10 

71,935 3 10 

128,682 8 

1 


£ *. rf.. 
3,282 7 11 
22,408 4 5 
28,587 7 7 


£ 8, 

15,464 16 
38,006 12 
76,227 15 


d. 
9 

1 
8 


£ *. d. 

3,098 18 4 

10,000 

20,150 


1 . 

229,288 5 4 

I 


54,277 19 11 ; 


129,698 4 


6 


33,248 13 4 



The funds accumulated by the Association now amount to more 
than 70 per-cent of the total premiums received on account of existing 
policies since the Association was established. 

EXTRACTS FROM THE REPORT OF THE LATE PROFESSOR PELL, 
CONSULTING ACTUARY TO THE ASSOCUTION. 

** The formula which your Actuary has adopted in the valuation of 
ordinary whole-life policies is recommended by eminent authorities on 
the subject, and after much consideration I certify that it is rightly 
applied in the present instance. I ^nd that on the basis of the 
H*' Tables at 4 per-cent, the use of the formula adopted is equivalent 
to supposing that the preliminary expenses amount to a little less 
than one-half of the first year's premium, and to charging this 
amount upon future loading, instead of upon realized assets. It is, 
in fact, the anticipation of a certain portion of the future loading 
intended to cover all expenses, to meet the exceptionally large expenses 
necessarily involved in the initiation of the policy. 

'* It is generally allowed, and indeed it is obvious, that such an 
anticipation may rightly and safely be made within proper limits, 
where the gross premiums payable are of adequate amount. The 
proper limits have certainly not been exceeded in the method adopted 
hy your Actuary ; for one-half of a year's premium is, if anything, 
less on the average than the usual preliminary expenses incurred. 

" The policies paid for by a limited number of premiums, and the 
endowment assurance policies, have been valued on similar principles ; 
the charge upon future loading for preliminary expenses being in 
every case very moderate, and commensurate with the amount of the 
gross premiums actually payable. 

" I approve of the method of distribution of profit recommended 
by your Actuary. It has been recommended by high authorities, and 
its application appears to have given satisfaction to the public. It 
seems to me to be as good as any attempt which has yet been made 
to divide profits on principles generally approved; and I have no 
hesitation in commending its adoption." 

The following additional particulars are taken from the returns 
under the Eighth and Ninth Schedules of '^ The Life Assurance 
Companies Act, 1878 (Victoria) *' : — 
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The principles upon which the valuation and distribution of 
profits are to be made, are left to the discretion of the Actuary, in 
consultation with the Consulting Actuary of the Association. The 
Articles of Association, however, require that the profits (after 
reserving such an amount as the Directors may consider necessary 
to meet unforeseen contingencies) shall be rateably apportioned as a 
bonus among the policies entitled to participate in profits, in propor- 
tion to the amounts contributed towards such profit on account of 
such policies since the next preceding investigation. 

The policies for the whole term of life were valued in classes, 
according to the year of birth of the persons assured ; thus, for 
example, all persons bom between 1 April 1830 and 31 March 1831 
have been treated as of one age, and as if all bom on 30 September 
1830. The future premiums were valued by annuities deferred six 
months, that being the average time at which the next renewal 
premiums would fall due ; and a check valuation was made in detail, 
every policy being valued separately, according to its office age at 
entry and its duration in years and months. This was made by an 
independent method, the values being deduced from a table of the 
values of annuities ; and the results agreed very closely with that of 
the valuation in classes. 

Policies on Joint Lives and on Last Survivor were valued each 
separately, the ages being calculated to the nearest birthday as above 
described ; and the future premiums were valued by annuities deferred 
the exact proportions of a year to the dates of next renewal respectively. 

All other policies were valued separately, the values both of sums 
assured and of future premiums being calculated to the nearest 
month ; and in these cases it has been assumed that the persons 
assured attained their office ages exactly on the days on which their 
policies were issued. 

In cases where the premiums were payable by half-yearly or 
quarterly instalments, the corresponding annual premiums accoroing 
to the Tables of the Association were valued; the value (after 
providing for cost of collection and risk of lapse) of the instalments 
necessary to complete the current year of policies, is included in the 
list of assets entered in the Balance Sheet, as the payment thereof 
is secured by the conditions of the policy. 

The liability of the Association is determined by taking the 
difference between the present value of the sums assured and the 
present value of the future net premiums. The net premiums valued 
were deduced from the pure premiums according to the Table of 
Mortality and Rate of Interest used in the valuation, by a small 
addition to cover the expenses connected with the initiation of 
policies. The capitalized value of this small addition, in the case 
of [ordinary] policies for the whole term of life is, in every instance, 
less than half-a-year's premium ; and in the case of other policies the 
average is much less. The liability for policies under Table II 
[Limited Payments] has been increased by adding a proportionate 
part of the loading paid in the past, as a reserve for future expenses 
and profits. 

The profits will be divided among the members entitled to 
participate, in the following manner ; — 
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1st. The profit arising from excess of interest realized over the 
rate of interest assumed in the last valuation, in respect of the funds 
in hand at the date of such valuation, will be divided among those 
members whose policies are still in force, in proportion to their 
respective interests in the Assurance Fund at that date. 

2nd. The remaining surplus will be divided in proportion to the 
loading contributed by members during the triennium, eliminating 
the loading contained in the premium for the first year of Assurance. 

The tables of mortality used in the valuation were — for assur- 
ances, the Institute of Actuaries H** Table — for Children's Endow- 
ments, the Peerage Table — and for Annuities, the Government 
Experience Tables. 

The rates of interest assumed in the calculations were — for the 
valuation of Assurances, 4 per-cent ; for the valuation of Children's 
Endowments and Annuities, 5 per-cent. 

The amount reserved out of the annual premium income for 
future expenses and profits is, on the average, 20' 79 per-cent of the 
annual premiums payable on Assurance policies, and 11'32 per-cent 
of the annual premiums payable on Children's Endowment policies ; 
and the present value of this reserve is £156,816. 8«. 5^. In 
addition to this, the difference between the actual premiums payable 
(half-yearly, quarterly, and monthly) and the corresponding annual 
premiums, has not been credited to the Association. This constitutes 
an additional reserve of over £1,200 per annum. 

Consolidated Revehtjb Account for the period commencing 
1 October 1877 and ending 30 September 1880. 

£ a, d. 
Amount of Funds on 1 October 1877 . £53,470 8 10 
Less amount resenred for establishing 

Branches 1,907 6 

51,563 2 10 

Premiums (no Reassurance Premiums), Assurance 

Branch 125^916 6 4 

Premiums (no Reassurance Premiums), Endowment 

Branch 2,414 10 4 

Consideration for Annuities granted .... 351 4 

Interest (no Dividends) 18,019 5 11 

Fees, &c 459 14 6 

£198,724 8 11 

£ *. d. 

Claims under PoUdes, including Bonus Additions . 26,355 

Surrenders 2,232 7 7 

Annuities 15 14 4 

Bonuses paid in Cash 799 18 5 

Advertising 1,604 19 5 

Medical Fees 6,398 3 

Commission 6,334 4 

Branch and Agency Expenses 6,970 1 

Expenses of Travelling Agents 5,093 11 2 

Expenses of Management 15,222 1 5 

Amount of Funds on 30 September 1880 . . . 129,698 4 6 

£198,724 8 11 

mss^BSSSSSSBSm 



1882.] National Mutual Life Association of Australasia. 461 

Balance Sheet on 30 September 1880. 

LIABILITIES. n . J 



Assurance Fund .... £126,781 15 3 
lGnuu..^ent Fond . . . 2,588 7 

Annuity Fund .... 828 8 8 



Total Funds 129,698 4 6 

Claims admitted or announced, but not paid . . 1,838 3 

Othxb Sums Owing by thb Association — 

Amounts held on Deposits 3,497 9 6 

Deposits on Proposals 355 8 2 

Medical Fees . , 
Directors' Fees 
Bent of Offices . 
Sundry Accounts . 



• • . . 

.' £120 ' 


• 
• 

6 


175 





87 10 





82 10 






465 6 
£135,354 5 8 



£ «. d. 



ASSETS. 

In Victobia — 

Debentures under Local Government Act . . 3,722 14 4 

Mortgages 58,656 10 8 

Loans on Policies witliin their Surrender value . 6,646 8 10 

Loans on Policies with Personal Security . . 18,417 7 5 

Loans on Building Society Shares . . . 46 5 10 

Accrued Interest 1,795 14 8 

Outstanding Premiums on Policies in force . 2,259 15 6 
Deferred Instalments of Annual Premiums on 

Policies in force 9,038 4 

Agents' Balances 523 8 7 

Office Furniture 437 1 6 

Cash ' in hand and on Current 

Account £1,806 5 8 

On Fixed Deposit . . . 7,000 

8,806 6 8 



Total Assets in Victoria .... £110,349 13 

Elsbwhbbb than in Victobia — 
Cash in hand and on Current 

Account, Sydney, Adelaide, and 

Wellington. . £754 9 1 
On Fixed Deposit . 8,000 

£3,764 9 1 

Branch Office Furniture . . 551 9 11 
New Zealand Qovemment Deben- 

tures 910 

Outstanding Premiums on Policies 

in force 2,037 10 8 

Deferred Instalments of Annual 

Premiums on Policies in force 4,652 6 7 

Mortgages 4,960 

Loans on Policies . . . 7,502 9 3 

Agents' Balances . . . . 636 6 10 

Total Assets elsewhere than in Victoria 26,004 12 



Total Assbts . £135,364 5 8 
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Valuation Balance Sheet a« at 30 September 1880. 



9r. 

To Net Liability under Assurance and Annuity trans- 
actions (as per Summary Statement, page 463) 
To Surplus— Assurance Branch . . £21,GG3 1 10 
Endowment Branch . 240 15 

Annuity Branch . . 4 7 2 



(Dr. 

By Life Assurance Fund (as per Balance Sheet) 
By Endowment Fund (as per Balance Sheet) 
By Annuity Fund (as per Balance Sheet) . 



£ s. d. 

107,790 6 

21,908 4 

£129,698 4 6 

£ 9, d. 

126,781 15 3 

2.588 7 

328 8 8 

£129,698 4 6 



SuMMASY and Yaluation (jsee p. 463). 



A policy must be in force twelve mouths in order to entitle it to 
share in the profits. 

Specimen Bonuses to Policies of £100 each (ordinary Whole-term), 



Age 
at 

Entry. 


Policies in Force roR 


if 

Entry. 


Five Years. 


Ten Years. 


Reversionary 
Boniu. 


CaaIi 
Value. 


1 

Redaction 1 

of Premium Reversionary 
for whole ! Bonus, 
term of Life. 


Cash 
Value. 


Reduction 

of Premium 

for whole 

term of Life. 


20 
30 
40 
50 


£ «. d. 

5 12 
4 12 11 
3 19 7 
3 10 2 


£ *. rf. 
113 
15 4 
18 5 
1 12 11 


£ g. d. £ g. d, 
1 5 ' 6 14 3 
1 10 5 15 11 
2 3 5 9 6 
3 1 4 18 6 


£ *. d. 
1 12 2 

1 16 1 

2 4 11 
2 12 8 


£ *. d. 
2 2 
2 8 
3 10 
5 7 


20 
30 
40 
50 



The average rate of interest at which the life assurance fund of 
the company was invested at the close of each year during the period 
since last investigation, has been as follows : — 



On 30 September 1875 

1876 
1877 



t» 



» 



i» 



» 



£7 14 per-cent. 

6 19 2 

7 5 7 



>, 



» 



Ninety per-cent of the office value, as ascertained by the method 
of valuation adopted at the next previous investigation, is. allowed 
for the surrender of policies which have been in force for any period 
exceeding five years. Eighty per-cent of the office value is given 
for the surrender of policies over two years in force. 
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Minimum Surrender Values of [ordinary WTiole-term'] Policies of 

£100, exclusive of Bonus Additions. 



Ages 

at 


• 


Minimum Surbemdeb Value . 


IT THE END OP 




Ages 
at 












Entry. 


2 Tears. 


5 Tears. 


7 Tears. 


10 Tears. 


15 Tears. 


Bntiy. 




£ s. d. 


£ 8. d. 


£ 9. d. 


£ s. d. 


£ 9. d. 




25 


13 10 


3 4 5 


4 18 7 


7 13 10 


12 15 6 


25 


30 


16 2 


3 16 


5 17 1 


9 2 5 


15 6 2 


30 


35 


19 6 


4 11 


7 10 


11 1 8 


18 6 3 


35 


40 


14 1 


6 13 7 


8 14 


13 8 


21 17 


40 


45 


19 4 


6 15 2 


10 6 8 


15 18 10 


25 13 7 


45 


' 50 


1 15 6 


8 3 10 


12 8 11 


18 19 


29 14 10 


50 


55 


2 2 10 


9 15 2 


14 13 6 


21 18 11 


34 1 


55 



This Association has not transacted business at other than 
European rates. But if members go to reside between the 22nd 
parallels of north and south latitude, an extra premium varying from 
10s. to £2 per-cent per annum is charged, according to the locality 
of residence. This extra premium is remitted when the members 
come to reside south of the 22nd parallel of south latitute, but the 
amount of extra premium thus paid is not taken into consideration 
in fixing the surrender values. 

This Association does not grant policies on unhealthy lives ; but 
when the personal or family history, the occupation, or any other 
circumstances connected with the persons proposed for assurance, 
lead the Directors to believe that their prospects of longevity are 
not quite so good as those of persons in every respect unexceptionable, 
their proposals are accepted at rates for ages somewhat in advance 
of their actual ages. These persons, when accepted, however, have 
the right to complete their policies at the minimum rates for their 
actual ages, subject to a contingent debt, equal to the value of the 
additional premium sought to be charged, to be deducted from the 
amount of the policy if the person assured die under the average age 
attained by persons of his age ; but when he attains the said average 
age the contingent debt is expunged, and no additional premium is 
charged. If such persons elect to pay the rates for such advanced 
ages, the surrender values of their policies are fixed as if such 
advanced ages were their actual ages ; and the same principle was 
adopted in ascertaining the liability of the Association. 
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Page 352, line 10, for l^t^ read 14^9. 
» t, ,9 14, „ — 2ffii^3t^]s read — 2uia^di^i8. 
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